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General Information 


SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION. 


1-2. This Operating and Service Manual contains 
information required to install, operate, test, and service 


the Hewlett-Packard Model 1615A Logic Analyzer. 


1-3. SPECIFICATIONS. 


1-4. Instrument specifications are listed in table 1-1. 
These specifications are the performance standards or 
limits against which the instrument is tested. Table 1-2 
lists supplemental characteristics, not specifications 
but typical characteristics included as additional infor- 
mation for the user. 


1-5. INSTRUMENTS COVERED BY THIS 
MANUAL. 


1-6. Attached to the instrument is a serial number tag. 
The serial number is in the form: 0000A00000. It is in 
two parts; the first four digits and the letter are the serial 
prefix and the last five digits are the suffix. The prefix is 
the same for all identical instruments. The suffix, how- 
ever, is assigned sequentially and is different for each 
instrument. The contents of this manual apply to instru- 
ments with the serial number prefix(es) listed under 
SERIAL NUMBERS on the title page. 


1-7. Aninstrument manufactured after the printing of 
this manual may have a serial number prefix that is not 
listed on the title page. This unlisted serial number 
prefix indicates the instrument is different from those 
described in this manual. The manual for this newer 
instrument is accompanied by a Manual Changes sup- 
plement. This supplement contains “change informa- 
tion” that explains how to adapt the manual to the 
newer instrument. 


1-8. In addition to change data, the supplement con- 
tains information for correcting errors in the manual. 
To keep this manual as current and accurate as possi- 
ble, Hewlett-Packard recommends that you periodically 
request the latest Manual Changes supplement. The 
supplement for this manual is identified with the man- 
ual print date and part number, both of which appear on 
the manual title page. Complimentary copies of the sup- 
plement are available from Hewlett-Packard. 


1-9. For information concerning a serial number 
prefix that is not listed on the title page or in the Manual 
Change supplement, contact your nearest Hewlett- 
Packard Office. 


1-10. DESCRIPTION. 


1-11. The Hewlett-Packard Model 1615A Logic Ana- 
lyzer offers asynchronous timing diagram measure- 


. 
ments and synchronous state measurements for use in 


the design and troubleshooting of digital systems. Pow- 
erful triggering capability, six clock qualifiers, sophisti- 
cated delay, occurrence counting, and 256 words of 
memory assure that the desired timing and state infor- 
mation will be captured. 


1-12. Measurement setups are simplified with a menu 
system which reduces the number and complexity of 
front panel keys. With the format specification menu, 
you select the desired mode of operation: timing, state, 
or simultaneous dual-mode operation. The correspond- 
ing trace specification menus then allow you to enter the 
desired triggering and data parameters. 


1-13. MODES OF OPERATION. 


1-14. The 1615A offers three basic operating modes: 24- 
bit state, 8-bit timing, and simultaneous 16-bit state 
with 8-bit timing. The purpose and use of each of these 
three modes is described in the following paragraphs. 


1-15. 24-BIT STATE MODE. 


1-16. In this mode, 256 words of parallel, synchronous 
data up to 24 bits wide can be accumulated into memory. 
The bits can be grouped by keyboard selection, and the 
display of data from each group can be individually 
read out in either binary, octal, decimal, or hexidecimal 
formats. Any pattern of the 24 inputs can be established 
as the trigger point. Part of the trigger pattern can be 
“don’t cares” to establish a range of triggers. 


1-17. 8-BIT TIMING MODE. 


1-18. In this mode, asynchronous data is clocked into 
memory. The clock rate for data acquisition can be 
selected in a 1, 2.5, 5 sequence from 50 ns to 500 ms per 
clock period. On the timing diagram, the clock period is 
displayed on screen along with the related horizontal 
time scale. The time between any two samples in 
memory is displayed in a direct readout on the CRT. 


1-19. The eight lines on pod 1 are the only active lines 
in the eight-bit timing mode. The displayed channels 
can be ordered in any arrangement by keyboard selec- 
tion. The memory in this mode is eight bits wide, 256 
words deep. Glitches are displayed as bright vertical 
bars along each separate channel. 
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point is shown by a set of short, verti- 
cal lines from top to bottom on the display. Up to three 
ORed patterns of the 8 bits (along with don’t cares) can 
be established as the trigger requirement, or the Boo- 
lean NOT of a particular pattern can be selected (this 
allows triggering on a fault in a status word). Since the 
trigger pattern is truly asynchronous, transient states 
can provide false triggers. To avoid triggering on a false 
pattern, the duration of the trigger pattern is selectable 
between 15 ns and 2000 ns. Glitch occurrences on any 
input line may be added to the trigger requirements. An 
external trigger line can also be connected through the 
clock pod. Either time delay or external clock delay can 
be added to the trigger specification, if desired. 


1-21. 16-BIT AND 8-BIT MODE. 


1-22. In this mode, eight bits of asynchronous timing 
data is captured at the same time that 16 bits of synchro- 
nous state data is captured. The logic analyzer can cap- 
ture timing sequences that occur before or after a 
particular state, or state sequences occurring before or 
after a timing event. This measurement allows correla- 
tion of activity on control lines, address decoder out- 
puts, and asynchronous [/O structures with specific 
states in program flow. 


1-23. Four instrument triggering arrangements are 
available in the 16-bit and 8-bit mode of operation: 16 bit 
arms or triggers 8 bit, and 8 bit arms or triggers 16 bit. If 
8 bit triggers 16 bit is selected, the 1615A captures data 
as soon as the asynchronous event is recognized. This 
enables observation of state information related to a 
timing event such as an interrupt or glitch. By selecting 
8 bit arms 16 bit, the 1615A will capture data at a spe- 
cific point in program flow, but only after a particular 
asynchronous event has occurred, such as a service 
request. ; 


1-24. The 16 bit arms or triggers 8 bit specification 
allows the capture and display of timing information 
related to a particular point in program flow. This can 
be used to look at the conditions of lines on an input port 
for a short time prior to reading the port to ensure that 
data is valid. By using the end-display mode, the timing 
information can be captured prior to the reading of the 


port. 
1-25. ACCESSORIES SUPPLIED. 


1-26. The following accessories are supplied with the 
1615A: 
Four 8-bit probes (HP Model 10248B) with leads 
and tips (three for data, one for clock, qualifiers, 
and external trigger) 


One 2.3 m (7.5 ft) power cord (refer to Section IT) 


One extender board (HP Part No. 01615-66512) 
installed inside 1615A instrument. 


One Operating and Service Manual 
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1-27. RECOMMENDED TEST EQUIPMENT. 


1-28. Equipment required to maintain the Model 
1615A is listed in table 1-3. Other equipment may be sub- 
stituted if it meets or exceeds the critical specifications 
listed in the table. 


Table 1-1. Specifications 


CLOCK, QUALIFIER, AND DATA INPUTS 

REPETITION RATE: to 20 MHz. 

INPUT RC: 50 kO shunted by <14 pF at the probe tip. 

INPUT THRESHOLD: TTL, fixed at approx 1.5 V; 
variable +10 Vdc. 

MAXIMUM INPUT: 15 V to 15 V. 

MINIMUM INPUT 

Swing: 0.6 V. 

Clock Pulse Width: 20 ns at threshold level. 

Setup time: time data must be present prior to clock 
transition 20 ns. 

Hold Time: time data must be present after clock tran- 
sition, zero. 

ASYNCHRONOUS OPERATION 

SAMPLE RATE: 2 Hz to 20 MHz. 

DATA SKEW: 9 ns maximum. 

MINIMUM DETECTABLE GLITCH: 5 ns width and 
exceeding threshold by 30% of ac swing or 250 mV, 
whichever is greater. 

GLITCH TRIGGER: on any selected channel(s), if a 
glitch is captured, the glitch is AND’d with the 
asynchronous pattern trigger. 

EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum 
with 30% peak overdrive or 250 mV whichever is 
greater. 

PATTERN TRIGGER: any 8-bit pattern. Trigger dura- 
tion required is selectable 15, 50, 100, 200, 500, 1000, 
or 2000 ns +15 ns or 15% whichever is greater. 


TRIGGER OUTPUTS (Rear Panel) 

16/24 BIT TRIGGER OUTPUT 

Level: high, >2 V into 500; low, <0.4 V into 500. 

Pulse Duration: approx 25 ns. 

Delay from Input Clock: approx 85 ns. 

16/24 BIT TRACE POINT OUTPUT 

Level: high, =2 V into 500; low, <0.4 V into 500. 

Pulse Duration: starts at beginning of trace and ends 
at the trigger point (pattern trigger plus delay). 

Delay from Input Clock: approx 85 ns. 

8 BIT PATTERN OUTPUT 

Level: high, >2 V into 500; low, <0.4 V into 500. 

Pulse Duration: pattern duration minus asynchro- 
nous trigger duration width. 

Delay from Pattern at Probe: approx 75 ns plus asyn- 
chronous trigger duration width. 


GENERAL 


MEMORY DEPTH: 256 data transactions (in timing 
| display mode, 249 samples are displayed). | 


Model 1615A 


General Information 


Table 1-2. Supplemental Characteristics 


SELECTABLE DELAYS 

SYNCHRONOUS TRIGGER DELAY: to 999 999 ciocks. 

SYNCHRONOUS TRIGGER OCCURRENCES: to 999 
999. 

ASYNCHRONOUS TIME DELAY: to 1 048 575 times 
sample period. 


POWER 
100, 120, 220, 240 Vac; —10% to +5%; 48 to 66 Hz; 
230 VA max. 


| 
DIMENSIONS 


see outline drawing. 


OPERATING ENVIRONMENT 

TEMPERATURE: 0°C to 55°C. 

HUMIDITY: up to 95% relative humidity at +40°C. 

ALTITUDE: to 4600 m (15 000 ft). 

VIBRATION: vibrated in three planes for 15 min. each 
with 0.38 mm (0.015 in) excursions, 10 to 55 Hz. 


ke 426 (63) ues 
a 
i 
89 (7.2) 
8c) | 
st 


Pulse Generators (2) External trigger 


dc to 50 MHz, variable 


>10 ns pulse width 


5-ns Pulse Generator 


5-ns pulse width, 30-ns 


+> 


WEIGHT 
NET: 19.1 kg (42 Ib). 
SHIPPING: 23.6 kg (52 Ib). 


ACCESSORIES SUPPLIED | 
four 8-bit Model 10248B probes with probe leads 
and tips (three for data and one for clock, qualifi- 
ers, and external trigger) one 2.3 m (7.5 ft) power 
cord, one operating and service manual. 


664 (265) — 
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RIGHT SIDE 
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pulse period, TTL levels 


HP 8013B 


HP 8007B 


Multimeter +1000 Vdc range, 0.1% HP 3465A P,T 
accuracy 
| Oscilloscope |  275MHzBW,dualchannel | HP1725A PRAT | 


Logic State Analyzer 
state display 


Logic Pulser 


Pulse logic circuits 


Pattern recognition and 


HP 1611A 
Option 080 


HP 10526T 
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Tabie i-3. Recommended Tesi Equipmeni (Coni’d) 


Recommended 
Instrument Critical Specification Model 


HP 10525T 


Logic Probe Monitor digital IC’s 


BNC-to-alligator 
Clip Adapters (3) 


HP Part No. 
8120-1292 


BNC Tee Connectors (2) HP Part No. 


1250-0781 


Current Tracer HP 547A 


No Substitute HP 5004A 
or 


ET 9254 


Logic Signature Analyzer 


LCR Meter Capacitance, 0 to 25 pF HP 4332A 


*P = Performance Test, A = Adjustment, T = Troubleshooting 
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SECTION II 
INSTALLATION 


2-1. INTRODUCTION. 


2-2. This section contains information and instruc- 
tions for installing the Model 1615A. Included are initial 
inspection procedures, power and grounding require- 
ments, and instructions for repacking for shipment. 


2-3. INITIAL INSPECTION. 


2-4. Inspect the shipping container for damage. If the 
shipping container or cushioning material is damaged, 
it should be kept until contents of the shipment have 
been checked for completeness and the instrument has 
been checked mechanically and electrically. Procedures 
for checking electrical performance are given in Section 
IV. If the contents are incomplete, if there is mechanical 
damage or defect, or if the instrument does not pass the 
performance tests, notify the nearest Hewlett-Packard 
Office. If the shipping container is damaged, or the 
cushioning material shows signs of stress, notify the 
carrier as well as the Hewlett-Packard Office. Keep the 
shipping materials for carrier’s inspection. The HP 
office will arrange for repair or replacement at HP 
option without waiting for claim settlement. 


2-5. PREPARATION FOR USE. 
2-6. POWER REQUIREMENTS. 


2-7. The 1615A requires a power source of 100, 120, 220, 
or 240 Vac; —10%, +5%; single-phase; 48 to 66 Hz; 230 VA 


maximum. 
CAUTION 


The instrument may be damaged if the LINE 
switch pair on the rear panel is not set to 
match the input voltage in use. 


2-8. LINE VOLTAGE SELECTION. 

2-9. The LINE switch pair on the rear panel selects 
either 100-, 120-, 220-, or 240-volt operation. To check or 
change the position of the LINE switch pair, proceed as 


follows: 


a. Remove input power cord (if connected). 


b. For 100-volt or 120-volt operation, set the LINE 
switch pair to 100 V or 120 V respectively. Then install 
the 4-ampere fuse for F1 (located beside the line power 
connector). 


c. For 220-volt or 240-volt operation, set the LINE 
switch pair to 220 V or 240 V as applicable and installa 
2-ampere fuse for F1 (located beside the line power 
connector). 


d. Reconnect power cord. 


2-10. POWER CORDS AND RECEPTACLES. 


2-11. Figure 2-1 illustrates the standard configurations 
used for HP power cords. The HP part number directly- 
above each drawing is the part number for an instru- 
ment power cord equipped with a connector of that con- 
figuration. If the appropriate power cord is not included 
with the instrument, notify the nearest HP Sales/Ser- 
vice Office and a replacement cord will be provided. 
8120-0696 


8120-2296 8120-2957 


8120-1692 8120-1703 


Figure 2-1. Power Cord Configurations 


2-12. REPACKING FOR SHIPMENT. 


8120-1521 


e 


1615-08-79 | 


2-13. If the instrument is to be shipped to a Hewlett- 
Packard Sales/Service Office for service or repair, at- 
tach a tag showing owner (with address), complete 
instrument serial number, and a description of the ser- 
vice required. 


2-14. Use the original shipping carton and packing 
material. If the original packing material is not availa- 
ble, the Hewlett-Packard Sales/Service Office will pro- 
vide information and recommendations on materials to 
be used. 
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1615A 


DISPLAY GROUP 


FORMAT SPECIFICATION. Calls up a menu which 
allows you to select the operating mode, clock slope, 
logic polarity, and number base parameters. It also 
permits arranging up to 24 input channels into 
labelled groups. 


@ TRACE SPECIFICATION. Calls up a display menu 
in which you can specify trigger requirements, posi- 
tion of the trigger relative to captured data within 
the memory, and the clock parameters. 


LIST. Calls up a display window of 15 lines of the 
data captured in the 256-line memory. 


@} TIMING DIAG. Calls up a timing diagram of up to 
eight lines of the 256-bit memories. This mode per- 
mits precise time measurements between points on 
the traces. The trigger point is displayed as a set of 
short vertical bars. Glitch occurrences are captured 
in a separate memory and displayed as bright verti- 
cal bars on the individual traces. In this mode, X10 
magnification can be selected for any segment ofa 
displayed trace to permit improved display resolu- 
tion. Probe pod 1 supplies the signals for timing dia- 
gram display. 


@ CHAN SEQ. This key offers the convenience of 
returning a timing diagram to its most simple form 
(lines 0 through 7 from top to bottom) after a special 
sequence of lines has been arranged on the display. 


Figure 3-1, 
Operating Contrals, Indicators, and Connectors 
3-0 
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KEYBOARD FEATURES 


GP AT TRIG WORD. In the list mode, pressing this key 
brings the display to the area of the trigger word. If 
the trigger word starts the display, it will be the first 
line of the display. If END was selected, the trigger 
word will be the last line displayed. In a timing dia- 
gram the brightened segment will switch imme- 
diately to the trigger word when AT TRIG WORD is 
pressed. If X10 magnification is being used, the dis- 
play window will move to the segment which in- 
cludes the trigger word. If so much trigger delay was 
selected that the trigger word is not in memory, 
pressing AT TRIG WORD will bring an error mes- 
sage on screen (WARNING — TRIGGER NOT IN 
MEMORY). 


ROLL DISPLAY. In the list mode, this set of keys 
moves the display window up or down through the 
256-bit memory. In the timing diagram mode, this 
set of keys moves the brightened trace segment left 
or right across the display (for relative time mea- 
surements or selection of an area to be expanded). It 
also moves the display window in X10 magnifi- 
cation. 


ENTRY GROUP 


@ FIELD SELECT. Permits selection of variables in the 
field contents. This key is used to make selections of 
variables within inverse fields which contain 
brackets ([ ]). It is also used to set the zero reference 
point for making point-to-point time measure- 
ments. 


PROBE THRESHOLD LEVEL GROUP 


G3 X DON’T CARE. In entry fields, X accepts all 
allowed digit values (0 through 7 in octal, 0 through 
F in hex, etc.). In label assignment fields, X disables 
the channel. An unused channel is not included in 
any other label reference. 


A-F, ., 0-9. Alphanumeric keys for entering informa- 
tion into all entry fields on the display. 


EDIT GROUP 


DEFAULT. Returns the currently displayed menu to 
its simplest form. 


SAMPLE PERIOD. Selects the repetition rate of the 
internal clock. The clock rate may be incremented 
or decremented from 50 ns to 500 ms per clock (ina 1, 
2.5, 5 sequence) in any display where the internal 
clock rate is shown. 


CURSOR. Set of switches used to move the blinking 
cursor to the desired location within the menu. 


EXECUTE GROUP. 


TRACE. Initiates a search in logic flow to find and 
capture data that corresponds to the parameters 
defined in the specification menus, then displays 
captured data. Pressing TRACE one timeinitiates a 
single trace. Holding the key down places the 1615A 
in a continuous trace mode, permitting observation 
of dynamic program flow. 


STOP. Stops any trigger search or data acquisition 
which is in process. In order to stop a continuous 
trace mode, the STOP must be pressed once to go to 
the in-process mode, and then a second time to abort 
the trace. 


PROBE THRESHOLD LEVEL GROUP. 

@ TTL/VARIABLE. When this switch is set to TTL, its 
associated probe pod(s) is biased to operate at TTL 
(1.4 V) threshold levels. In the VARIABLE position, 
the probe pod bias is adjusted to the required volt- 
age at the MEASURE test point. 


ADJUST. Adjustment for setting logic threshold 
level to the desired amplitude, offering a range from 
—10 V to +10 V. 


MEASURE. A test point for measuring probe thresh- 
old level voltage during adjustment. 


SELF-TEST CLOCK. A test point for obtaining a 
clock signal during self-test procedures and trouble- 
shooting. 


COMMON.A grounding point for use when making 
threshold voltage adjustments and using the SELF- 
TEST CLOCK. 

LINE. Applies line power to the instrument. 


€ ON. Lights when operating power is applied to the 
1615A. 
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G) X DON’T CARE. In entry fields, X accepts all 
allowed digit values (0 through 7 in octal, 0 through 
F in hex, etc.). In label assignment fields, X disables 
the channel. An unused channel is not included in 
any other label reference. 


@ A-F,., 0-9. Alphanumeric keys for entering informa- 
tion into all entry fields on the display. 


EDIT GROUP 


DEFAULT. Returns the currently displayed menu to 
its simplest form. 


SAMPLE PERIOD. Selects the repetition rate of the 
internal clock. The clock rate may be incremented 
or decremented from 50 ns to 500 ms per clock (ina 1, 
2.5, 5 sequence) in any display where the internal 
clock rate is shown. 


CURSOR. Set of switches used to move the blinking 
cursor to the desired location within the menu. 


EXECUTE GROUP. 


TRACE. Initiates a search in logic flow to find and 
capture data that corresponds to the parameters 
defined in the specification menus, then displays 
captured data. Pressing TRACE one time initiates a 
single trace. Holding the key down places the 1615A 
in a continuous trace mode, permitting observation 
of dynamic program flow. 


REAR PANEL FEATURES 


STOP. Stops any trigger search or data acquisition 
which is in process. In order to stop a continuous 
trace mode, the STOP must be pressed once to go to 
the in-process mode, and then a second time to abort 
the trace. 


PROBE THRESHOLD LEVEL GROUP. 

TTL/VARIABLE. When this switch is set to TTL, its 
associated probe pod(s) is biased to operate at TTL 
(1.4 V) threshold levels. In the VARIABLE position, 
the probe pod bias is adjusted to the required volt- 
age at the MEASURE test point. 


ADJUST. Adjustment for setting logic threshold 
level to the desired amplitude, offering a range from 
—10 V to +10 V. 


MEASURE. A test point for measuring probe thresh- 
old level voltage during adjustment. 


SELF-TEST CLOCK. A test point for obtaining a 
clock signal during self-test procedures and trouble- 
shooting. 


COMMON. A grounding point for use when making 
threshold voltage adjustments and using the SELF- 
TEST CLOCK. 

LINE. Applies line power to the instrument. 


ON. Lights when operating power is applied tc the 
I615A. 


REAR PANEL GROUP. 


16/24 BIT TRIG OUT. During state analysis, this 
output provides a trigger pulse whenever the state 
trigger pattern plus selected delay is recognized. 
Trigger pulse generation continues regardless of 
the condition of the data acquisition circuitry 
within the 1615A. This trigger pulse can be used to 
synchronize an oscilloscope for observing a particu- 
lar point in data flow. 


16/24 BIT TRACE OUT. Provides a high state at the 
beginning of a trace of synchronous data (when 
TRACE key is pressed and the machine begins 
searching for a trigger). This output resets low after 
recognition of the synchronous trigger pattern plus 
the delay period or occurrence count. This output 
can be used to provide a clock-stopper signal during 
end-trigger measurements. 


8 BIT PATTERN OUT. Provides a trigger pulse when 
the selected trigger pattern is recognized during tim- 
ing measurements. 


@3J LINE SWITCH PAIR. Selects proper input circuit 
arrangement for input voltage in use. 


LINE CONNECTOR. Connection for operating 
power. 


@) LINE FUSE. Contains input operating power fuse. 
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SECTION Ill 
OPERATION 


3-1. INTRODUCTION. 
3-2. This section provides operating information, 
explains functions of 1615A controls, connectors, and 


indicators and describes measurement canabilities of 
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the instrument. 


3-3. PANEL FEATURES. 


3-4. The 1615A keyboard and panel features are des- 
cribed in figure 3-1. Description numbers match the 
numbers on the illustration. 


3-5. OPERATING INFORMATION. 


3-6. The 1615A offers two logic analyzers in one: a 
synchronous state analyzer and an asynchronous tim- 
ing analyzer. Each analyzer captures data indepen- 
dently from the other analyzer, although triggering of 
the two analyzers is related. 


3-7. STATE ANALYZER. The 1615A can be used for 
state analysis. It will capture and display up to 256 bytes 
of an operating program. It can capture bytes up to 24 
bits wide (up to 16 bits wide when the timing analyzer is 
also in use). 


EXTERNAL 


3-8. In state analysis, the incoming data is synchro- 
nized with the incoming clock. Trigger delays are mea- 
sured in numbers of incoming clocks. The state analyzer 
does not have the capability to detect glitches. 


3-9. TIMING ANALYZER. The 1615A can generate a 
timing diagram of the data obtained on up to eight input 
lines (one 256-bit trace for each input line). The 1615A 
generates several internal clocks at different rates for 
capture of a trace. Additionally, an external clock can be 
used, if desired. Trigger delays are measured directly in 
units of time when operating with one of the internal 
clocks. Delays are measured as a number of clocks when 
operating with an external clock. The timing analyzer is 
capable of capturing glitches and displaying them as 
intensified bars on timing diagrams. 


3-10. SYNCHRONOUS VS ASYNCHRONOUS 
OPERATION. 

3-11. SYNCHRONOUS ANALYSIS (See figure 3-2). 
When the 1615A is configured as a synchronous ana- 
lyzer, it gathers data bytes which are synchronized with 
a clock. The clock is supplied from an external source. It 
need not be periodic as long as it is synchronized with 
the data (D0 and D1) to be analyzed. Trigger recognition 
occurs when the clock arrives at the same time that the 
states on the data lines match the trigger pattern 
specified. 


SYNCHRONOUS ee |e me (Seen (ee ee: 


CLOCK 
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D1 1 0 
SELECTED 
TRIGGER = 11 


Figure 3-2. Synchronous Operation 
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3-12. 
When the 1615A is configured as an asynchronous ana- 
lyzer, the clock is not synchronized with the incoming 
data. The clock is periodic and is used for time measure- 
ment. The states on the data lines are captured when 
each clock occurs until 256 sequential states have been 
obtained in memory. After the run, a trace is made for 
each data line showing all 256 states on the CRT as a 
plot of line state with respect to time. 


ASVAICH 4 
ravi MVS AINA Toi (ute figure 3-3). 


3-13. In the timing analyzer, trigger recognition is not 
a clock function. Anytime that the logical set specified 
as the trigger word appears on the data lines, the 1615A 
begins a measurement of time duration. The time dura- 
tion is selected by the operator prior to the run. If the 
logical set changes before the end of the specified dura- 
tion, the 1615A will reset immediately and begin a new 
search for the trigger word. When the logical set remains 
stable for the selected duration, the 1615A recognizes its 
trigger. 


3-14. In START trace modes, data acquisition is inhib- 
ited until after trigger recognition occurs. In modes 
where trigger recognition ends the trace, data acquisi- 
tion begins immediately as soon as the run begins, and 
data acquisition stops when the trigger is recognized. 


3-15. THE MENU CONCEPT. 


3-16. Usually, instruments capable of complex mea- 
surements have equally complex front panels. By con- 
trast, the 1615A is capable of complex measurements 
but has a simple keyboard. Control complexity is re- 
placed with a set of menus. Each menu displays a set of 
measurement parameters to be selected by the operator. 


PERIODIC 
CLOCK 
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By positioning a movable cursor (an alter nating display 
of video and inverse video), the operator selects one of 
the parameters in the menu. Then he enters the desired 
conditions, and moves the cursor on to the next parame- 
ter. If the cursor is positioned in a field enclosed by 
brackets (such as MODE, CLOCK SLOPE, LOGIC 
POLARITY, or BASE), selections are made by pressing 
the FIELD SELECT key. If the cursor is positioned in a 
field without brackets, entries are made with the other 
keys in the ENTRY block on the keyboard. 


3-17. OPERATING PROCEDURES. 


3-18. INSTRUMENT CONNECTIONS (See figure 3-4). 
3-19. Connect operating power to the rear-panel con- 
nection on the 1615A. Make sure that power-selector 
switches above the power connector are properly set for 
the voltage in use. 


3-20. Connect the probe cables to pod connectors under 
the keyboard by sliding each connector keeper to the left, 
pressing the connector into the receptacle, and then slid- 
ing the keeper to the right. Make certain that the proper 
probe cable is connected to each input receptacle. 


3-21. Connect pod 1 to the signals to be analyzed either 
by timing diagrams or by digital list. Either synchro- 
nous state or asynchronous timing tests may be made by 
the 1615A through the eight probes in pod 1. 


3-22. Connect pods 2 and 3 to the signals to be analyzed 
by digital lists. The 1615A makes synchronous state 
tests through the eight probes in each of these two pods. 
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Figure 3-4. Probe Cable Installation 


3-23. Connect clock probe to the enternal clock signal 
source, if used. An external clock signal is required for 
all synchronous measurements. The 1615A has an inter- 
nal clock which may be used for obtaining timing dia- 
grams. Connect the clock probe as follows: 


a. Connect the CLOCK terminal to the external 
clock signal. 


b. Connect qualifier lines (QUAL 0 through 5) to 
the sources of qualifier signals, if used. 


c. Connect EXT TRIG terminal to the source of an 
external trigger if desired for obtaining timing dia- 
grams. 


d. Connect theinner ground terminal to a source of 
signal ground. 


e. Connect the outer ground terminal to a source of 
signal ground, except when clock signals are obtained 
through the external probe wires. When external wires 
are used, the outer ground terminal must be left open; 
this prevents glitch generation in the external wires. 


f. Ground all unused probe cables on all pods. Un- 
used probe inputs may pick up glitches if left un- 
grounded. 


g. Connect cables to any of the three rear-panel 
BNC terminals if triggering of external instruments is 
desired. Refer to the rear-panel group described in figure 
3-1 for the signal characteristics of each rear panel BNC. 


3-24. INSTRUMENT TURN ON. 
3-25. Power is applied to the 1615A by pressing the 
LINE switch. The ON lamp lights, and the 1615A exe- 
cutes the power-up self test. When self test is complete, 
the format specification for the 24-bit mode appears on 
screen. A successful self test is assured by the statement 
POWER UP COMPLETE in the upper, right-hand 
corner of the display. 
NOTE 

If the self test fails, the 1615A will display 

TEST FAILED, STATUS = (3-digit failure 

code). Refer to Section VIII of this manual for 

an explanation of the failure codes. 


3-26. The probethreshold level panel provides separate 
adjustments for pod 1, pods 2 and 3 combined, and for 
the clock pod. Adjust the probe threshold voltage as 
follows: 


a. Ifthe probe pods are connected to TTLcircuitry, 
set the TTL/VARIABLE switches to TTL. This estab- 
lishes the proper probe threshold voltage (+1.4 V) for 
measuring signals with TTL levels. 


b. Ifthe probe pods are connected to logic circuitry 
operating on other than TTL levels, set the TTL/V ARI- 
ABLE switches to VARIABLE. Connect a voltmeter to 
the associated MEASURE test point. Then adjust the 
associated ADJUST control for an indication of the 
proper threshold voltage for the logic circuitry under 
analysis. The ADJUST control can select any voltage 
between —10 V and +10 V. 
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3-27. 24-BIT SYNCHRONOUS STATE MEA- 
SUREMENTS. 

3-28. In the 24-bit mode, up to 24 lines of synchronous 
activity can be monitored. This mode of operation uses 
the following two menus: 24-bit Format Specification 
(figure 3-7), and 24-bit Trace Specification (figure 3-8). 
In the 24-bit Format Specification menu, the operator 
can choose the format for combining and displaying 
information. In the 24-bit Trace Specification menu, the 
operator selects the type of data and area of program 
execution to be captured. Each menu can be obtained on 
the 1615A display by pressing the appropriate key in the 
DISPLAY group on the keyboard. 


3-29. SYNCHRONOUS STATE CAPTURE AND DIS- 
PLAY. Press the TRACE key. The 1615A will capture 
256 bytes of synchronous data and display a trace list. 
Figure 3-9 shows a typical trace list. 


3-30. SEPARATING ADDRESS AND DATA. The syn- 
chronous state analyzer can be set up to capture and 
display address and data bus information in separate, 
related listings. By selecting the 24-bit Format Specifi- 
cation and labeling the probes connected to address bus 
A and the probes connected to the data bus C, the 1615A 
will provide a display which includes separate lists for 
each bus while still relating them on the display accord- 
ing to each clock. By separating the address bus and 
data bus in different lists, the logic polarity for each bus 
and the number base used for presentation can be 
assigned to each of the two buses. 


3-31. DELAY APPLICATIONS. The state DELAY mode 
is used to delay data capture a known number of clocks 
from the trigger. One application is displaying a series 
of consecutive 256-byte pages of a very long program. 
This may be accomplished by making several traces of 
program activity, each trace with an additional 256 
bytes of delay. 


3-32. The trigger OCCUR delay could be used to obtain 
any particular pass through a program loop. By select- 
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ing an address within the loop as the trigger word and 
then specifying delay by trigger OCCURrences, any 
desired pass through the loop could be captured and 


displayed, up to 999 999 occurrences. 


3-33. CLOCK QUALIFIER APPLICATIONS. Sometimes 
it is necessary to capture only that activity in a specific 
area, such as activity involving a particular ROM ina 
system. The clock qualifier simplifies this information 
capture. By connecting one of the clock qualifier lines to 
the chip-select pin on the ROM, and then setting the 
clock qualifier on the trace specification to only recog- 
nize clocks which occur when the chip-select is in the 
active state, a listing of activity isolated to those pro- 
gram steps involving the ROM can be obtained. 


3-34. Two qualifier words may be used to specify two 
OR’d conditions for acceptable data, such as capturing 
only I/O reads or I/O writes when data acquisition is to 
be limited to I/O activity. Qualifier line 1 could be con- 
nected to the read line, and qualifier line 2 connected to 
the write line. Additionally, qualifier line 3 could be 
connected to a line which is active only when an I/O 
operation is in process, such as M/I/O. By selecting the 
following two qualifier words: XXX1X1 and XXX11X, 
only reads (line 1) or writes (line 2) will be clocked into 
the 1615A state memory when an I/O operation (line 3) 
is being implemented. 


3-35. ACTIVITY PRECEEDING A KNOWN EVENT. 
Sometimes it is necessary to observe activity leading up 
to a known event. Figure 3-5 shows a program sequence 
which contains three possible paths. The 1615A can be 
used to determine exactly which path was selected dur- 
ing program execution. By setting the 1615A to trigger 
on the first event following the convergence of the three 
paths, and selecting the END trace mode, the 1615A will 
capture and display the activity that led up to the trigger 
event. By including some delay with the END trigger 
specification, the trigger event can be positioned within 
the 1615A memory so that activity before and after the 
trigger event can be observed on the same display. 


ADDRESS DATA 


DATA WINDOW 


Figure 3-5. Activity Preceeding a Known Event 
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3-36. APPLICATION FOR TRACE TRIGGER EVENTS. 
When a specific quantity changes with each pass through 
a loop, this change can be observed by using TRACE 
TRIGGER EVENTS plus delay. The trigger word should 
be a non-changing address in the loop. The delay is used 
to offset data capture to the changing event to be 
cbserved. As the program runs, one event is captured 
each time that the loop occurs. The 1615A displays the 
sequential changes in the event being monitored. 


Operation 


3-37. DISPLAYING A PARTICULAR PASS THROUGHA 
LOOP. Sometimes it is desireable to observe program 
activity during a particular pass through a program 
loop (figure 3-6). The 1615A enabies the operator to cap- 
ture and display any desired pass through such a loop. 
The 1615A can be set to recognize a particular address 
within the loop as the trigger word. Then by specifying 
delay as a number of trigger recognitions, the desired 
pass can be captured and displayed. 


What Happens in this Routine During 
the 185th Pass Through the Loop. 


Figure 3-6. Viewing a Particular Pass Through a Loop 
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FORMAT SPECIFICATION TRACE -COMPLETE 
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1. MODE select: Move cursor to this field and press FIELD SELECT key to obtain 24 BIT mode. 

2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either postive-edge or 
negative-edge of incoming clock for data acquisition. 

3. LABEL SELECT: Move cursor to this field and type in the desired label for each probe in the three 
pods. In the above format specification, the 16 lines of pods 2 and 3 were 
connected to an address bus and the eight lines of pod 1 were connected to a data 
bus. This labeling groups the address bus lines under A and data bus under C. 
Up to three separate groups can be obtained by assignment of A, B, and C labels 
to the probes. Only adjacent probes can be grouped. The 1615A will not accept a 
split label assignment such as AAABAACCCC, but by rearranging the label, it 
will accept AAAAABCCCC or BAAAAACCCC. Assign X to any unused probe 
to eliminate it from the display and trigger. | 


4. LOGIC POLARITY select: Move cursor to this field and press FIELD SELECT to assign either positive or 
negative logic polarity to each set of probe inputs. 


5. Number BASE select: Move cursor to this field and press FIELD SELECT to choose the number base 


for display of information obtained from each set of probe inputs. Either binary, 
octal, decimal, or hexadecimal number bases can be selected. 


Figure 3-7. 24-bit Format Specification Menu 
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word at the START or END of the trace. To locate the trigger word 
within the trace and view activity before and after the trigger, select 
END TRACE and add some delay as described in steps 3 and 4 below. 


2. Trigger Address select: Move cursor to this field and type in the desired trigger words. In the 
example above, the 1615A will recognize its trigger when the address 
bus (group A) reaches 03E4 (HEX), regardless of the state on the data 
bus (group C). 


NOTE 
The dollar sign ($) may appear in the trigger field. If $ does appear, make sure that the trigger word 
can be expressed in the selected number base. For example, 1X X0 can be selected as the trigger word 
when using the binary number base. If the number base is then changed to HEX, $ will appear in the 
new trigger word. This is because 1XX0 can not be expressed as a unique HEX character. 


3. DELAY/OCCUR select: Move cursor to this field and press FIELD SELECT to choose either 
DELAY or OCCUR. If DELAY is selected, 1615A will count a specified 
number of clocks after trigger recognition before starting or ending data 
acquisition. If OCCUR is selected, start or end of data acquisition will be 
delayed until after a number of trigger occurrences. The number of 
clocks or trigger occurrences are selected in item 4 below. 


4. DELAY/OCCUR parameter: Move cursor to this field and enter the desired delay (clocks or occur- 
rences). Any delay of clocks or trigger occurrences up to 999 999 can be 
selected. This parameter is always a decimal number. 


5. First CLOCK QUALIFIER word: Move cursor to this field and enter word: 1 or 0 for each of the six 
qualifier lines used on the clock probe. A “1” requires a high state to 
qualify the clock. A “0” requires a low state to qualify the clock. Enter X 
on any qualifier line that is not used. 


1. TRACE point select: Move cursor to this field and press FIELD SELECT to place the trigger 

6. Second CLOCK QUALIFIER word: Move cursor to this field and press FIELD SELECT to either turn OFF 
the second qualifier word or turn it on to OR it with the first qualifier 
word. If OR is selected, type in the second qualifier word in the same 
format as was used for the first qualifier word. 

7. TRACE data type: Move cursor to this field and press FIELD SELECT to choose either | 
ALL STATES or TRIGGER EVENTS. If ALLSTATES is selected, the 
1615A will accept every input received after trigger recognition. If 
TRIGGER EVENTS is selected, the 1615A will accept only those inputs 

which are a valid trace specification. 


Figure 3-8. 24-bit Trace Specification Menu 
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This illustrates a typical trace list display. TRACE-COMPLETE in the upper, right-hand corner indicates that 
the data-acquisition circuitry is now inactive. The trigger word 03E4 appears in inverse video on line 000 (start 
trace mode). The data acquired by the probes labeled A and C is displayed in separate columns in hexadecimal 
number bases. To observe other portions of the 256-byte memory, use the ROLL DISPLAY keys on the keyboard. 
To observe a particular line of display, move the cursor into the LINE NO. column and type in the line number 
desired. To return to the portion of memory which contains the trigger word, press the AT TRIG WORD key. 


Model 1AIKA 


Figure 3-9. Trace List Display 


3-38. 8-BIT ASYNCHRONOUS TIMING MEA- 
SUREMENTS. 


3-39. In the 8-bit mode, up to eight lines of asynchro- 
nous electrical activity can be monitored through the 
probes in pod 1. This mode of operation uses the follow- 
ing menus: 8-bit Format Specification (figure 3-21), and 
8-bit Trace Specification (figure 3-22). In the 8-bit For- 
mat Specification menu, the operator can select the for- 
mat for display if the optional list is elected. In the 8-bit 
trace specification menu, the operator selects the area of 
program execution to be captured using a variety of 
optional trigger pattern and delay arrangements. Also 
in this menu, the rate for sampling the eight data lines 
can be selected either from one of the several internal 
clock rates, or by supplying a separate external clock 
through a lead on the clock probe. 


3-40. 8-BIT ASYNCHRONOUS TIMING DIAGRAMS 
CAPTURE AND DISPLAY. Press the TRACE key. The 
1615A will capture 256 bytes of asynchronous, time- 
related activity and display a timing diagram (figure 
3-23) which has one horizontal trace for each active 
channel. Each trace displays the contents of its 256-bit 
memory. 


3-41. ASYNCHRONOUS TRIGGERING. In figure 3-10, 
the 1615A has been set up to trigger when it detects that 
all of the eight input lines have remained low for at least 
15 ns and a glitch is detected on line 5 of pod 1. Trigger- 
ing will be immediate and the trigger point will begin the 
256-byte trace. 


va TEL 
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Figure 3-10. Asynchronous Triggering Example 


3-42. In figure 3-11, three OR’d trigger fields are used. 
The 1615A will trigger whenever it detects a 15-ns period 
where all eight lines are low, OR all eight lines are high, 
OR all lines alternate with the first line high and the last 
line low. 


3-43. ON NOT TRIGGERING. This mode of triggering 
allows the operator to set up a particular status word 
and then monitor a system. If the status word ever 
changes, electrical activity before and/or after the 
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Figure 3-11. Multiple Trigger Words 


3-44. ON NOT triggering can also be used to capturea 
timing diagram of activity leading up to a system crash 
that stops the system clock. By selecting ON NOT 
XXXXXXXX, the END TRACE mode, and external 
clocking, 1615A will gather a continuous flow of activ- 
ity, and will never find its 8-bit trigger word. When a 
crash occurs and the clock stops, the timing diagram of 
activity leading up to the crash will be presented when 
the STOP key is pressed. 


3-45. 8-BIT TRACE DELAYS. The 8-bit trace may be 
delayed from its trigger point, either by a period of time 
or by anumber of external clocks. In figure 3-12, external 
clock delay was selected. After the 1615A recognizes 
that all states on pod 1 are low for 15 ns, it will begin to 
count clocks applied to the EXT clock input of the clock 
probe. When it counts 142 external clocks, it will then 
gather 256 bytes of data at the rate of the internal clock 


(50 ns/clock in figure 3-12). The DELAY QUALIFIER. 


field could have been used. The qualifier lines of the 
clock probe could have been connected to a particular set 
of lines and entrys made to ensure that only those exter- 
nal clocks which arrived when certain states were true 
would be recognized as part of the delay specification. 
For example, data collection could have been delayed 
until after a specific number of I/O writes had occurred. 
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Figure 3-12. 8-bit Trace Delays 


Operation 


3-46. RELATIVE TIME MEASUREMENTS. Figure 3-13 
demonstrates the process for making relative time mea- 
surements on a timing diagram. In section a, the ROLL 
DISPLAY keys were used to place the leading edge of the 
expand indicator (brightened trace segment) on the fall- 
ing edge of a pulse on line 0. Then the FIELD SELECT 
key was pressed to zero the measurement indicator. In 
section b, the expand indicator was moved to the falling 
edge of a pulse on line 1. The measurement indicator 
shows that there is an elapsed time of 11.8 usec between 
the two points of interest. 
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Figure 3-13. Relative Time Measurements 


3-47. For ease of making timing measurements, the 
channels can be rearranged on the display. In figure 
3-14, channels 0 and 7 were placed next to each other. To 
rearrange channels, move the cursor into the channel 
number column and type in the desired order of channel 
numbers. To return the channels to the normal sequence 
of presentation, press the CHAN SEQ key. 
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Figure 3-14. Rearranged Channel Sequence Displays 


3-48. POSITIVE/NEGATIVE TIME ON TIMING DIAGRAM. 
The 1615A can be set up to capture and display a timing 
diagram showing activity leading up to the trigger pat- 
tern, the trigger point itself, and activity following the 
trigger pattern. In figure 3-15, the 8-bit mode was set up 
for the trigger pattern to end the trace. Then delay was 
added to the trace specification so that an additional 
portion of activity would be captured following recogni- 
tion of the trigger pattern. 
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Figure 3-15. Positive/ Negative Time Displays 


3-49. TRACE LIST/TIMING DIAGRAM CONVERSION. 
The 1615A provides the capability of converting a tim- 
ing diagram to a trace list and a trace list to a timing 
diagram. In this way, activity gathered by pod 1 in 
either mode of operation can be viewed both as a series of 
sequential states, and as a 256-byte trace. (See figure 
3-16.) 


3-50. GLITCHES. A glitch is defined as two or more 
transitions occurring between any two consecutive sam- 
ples. When a glitch is detected by the 1615A, an intensi- 
fied vertical line is shown on the 1615A display in the 
time frame where the glitch detection occurred. Figures 
3-17 through 3-19 will clarify the 1615A glitch detection 
and display. 


3-51. Figure 3-17 shows detection and display of a sin- 
gle glitch occurring between two consecutive samples. 
The data level crosses the threshold twice between T1 
and T2, and the 1615A displays an intense vertical bar 
at T2. 
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Figure 3-16. Trace List/Timing Diagram Conversion 


3-52. Figure 3-18 shows detection and display of a 
glitch occurrence between T1 and T2 (two or more transi- 
tions crossed the threshold between T1 and T2). The 
1615A can not detect and display more than one glitch 
between any two consecutive samples. If in doubt, a 
faster clock rate can be selected to detect glitches. 
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Model 1615A 


3-53. Figure 3-19 shows detection and display of a 
glitch that occurred within the same sample period as a 
data transition. The glitch is displayed as an intensified 
data transition. 


3-54. Figure 3-20 shows an example which includes 


glitch detection as part (or all) of the asynchronous 
trigger specification. In the example, the trigger word is 


T1 T2 


Operation 


all 1’s on the eight asynchronous data channels plus 
detection of a glitch on either bit 3 or bit 7. It was not 
necessary to detect glitches on both bits 3 and 7. The 
entire glitch trigger field is satisfied whenever a glitch is 
found in any one of the designated bits. In the illustra- 
tion, no trigger would have been recognized if only bits 0 
through 6 had been designated since the glitch occurred 
on bit 7. 
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Figure 3-18. Multiple Glitch Detection and Display 
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Figure 3-19. Glitch Detection and Data Transition Display 
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Figure 3-20. Trigger on Combined Pattern and Glitch 
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1. MODE select: Move cursor to this field and press FIELD SELECT key to obtain 8 BIT mode. 


2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either positive-edge or 
negative-edge of incoming clock for data acquisition. 


3. LABEL SELECT: Move cursor to this field and type in the desired label for each probe in pod 1. The 
probes can be arranged in one or two groups for a list presentation by labeling 
some probes D and others E. Only adjacent probes can be grouped. The 1615A 
will not accept DDEEDDEE. Label unused probe channels with X to eliminate 
them from the display and trigger. 


4. LOGIC POLARITY select: Move cursor to this field and press FIELD SELECT to assign either positive or 
negative logic polarity to each set of probe inputs. 


5. Number BASE select: Move cursor to this field and press FIELD SELECT to choose the number base | 
for a list display of information obtained from each set of probe inputs. Either 
binary, octal, decimal, or hexadecimal number bases may be selected. 


Figure 3-21. 8-bit Format Specification Menu 
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1. TRACE point select: 


2. Clock Source select: 


3. Sample Period select: 


4. Delay Type select: 


Operation 
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Move cursor to this field and press FIELD SELECT to place the 
trigger word at the START or END of the trace. To locate the trigger 
within the trace and view activity before and after the trigger, select 
END trace and add some delay as described in steps 4 and 5 below. 


Move cursor to this field and press FIELD SELECT to choose either 
the internal clock or an external clock for developing a timing 
diagram. 


The cursor is not used to access this field. Press the SAMPLING 
RATE keys on the keyboard to increment (INCR) or decrement 
(DECR) the sample period. Twenty-two sample periods are available 
from 50 NS/CLK to 500 MS/CLK. 


Move cursor to this field and press FIELD SELECT to choose either 
TIME delay, or delay by a number of external clocks (EXT CLK). 


Figure 3-22. 8-bit Trace Specification Menu 
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5. Delay Parameter select: 


8. Trigger Word select: 


Move cursor into this field and type in the desired trigger delay: 
either a time period or number of external clocks. Delay up to 1 048 
575 sample clocks can be selected. Any time delay may be entered. 
The 1615A will automatically round off the time delay to a multiple 
of the sample period selected in step 3. 


Move cursor into this field and press FIELD SELECT to choose the 
desired trigger status. ON sets the 1615A to trigger when it detects 
the adjacent word. ON NOT sets the 1615A to trigger on anything 
but the adjacent word. ON EXT sets the 1615A to trigger when the 
selected transition occurs on the external trigger line of the clock 
pod (see step 7). 


Move cursor into the field and use FIELD SELECT to choose either 
positive-edge or negative-edge triggering for the external trigger 
line from the clock pod. 


Move cursor into this field and type in the desired trigger word. The 
entry must be in the number base specified for the label field. In the 
example, all probe leads were combined in group E and binary 
number base was selected so only 1, 0, or X are allowed values for 
this entry. 


NOTE 


The dollar sign ($) may appear in the trigger field. If $ does appear, make sure that the trigger word 
can be expressed in the selected number base. For example, 1X X0 can be selected as the trigger word 
when using the binary number base. If the number base is then changed to HEX, $ will appear in the 
new trigger word. This is because 1XX0 can not be expressed as a unique HEX character. 


9. ASYNCH TRIGGER DURATION select Move cursor into this field and press FIELD SELECT to choose 


10. GLITCH trigger select: 


11. DELAY QUALIFIER select: 


| 

| 6. Trigger Status select: 

7. External Trigger SLOPE select: 
| 


the period of time that the trigger set must remain stable before itis 
recognized as a valid 1615A trigger word. 


Move cursor into this field and press FIELD SELECT to assign 
glitch requirements to the trigger specification, if desired. A peak 
under a channel number assigns a glitch trigger requirement to 
that channel. This field is satisfied when any one of the specified 
channels detects a glitch. 


Move cursor to this field and enter qualifier states desired for the 
clock probe. Use 1 (high state qualifies), 0 (low state qualifies), or X 
(either state qualifies) DELAY QUALIFIER is only available 
when external clock delay is selected. This field allows the operator 
to establish a qualification requirement for the clocks that are 
counted as part of the delay. 


Figure 3-22, 8-bit Trace Specification Menu (Cont'd) 
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2. EXPAND INDICATOR select: 


3. GLITCH DISPLAY select: 


4. MAGNIFICATION select: 


5. Sample period/Horizontal Time Scale: 


TRIGGER 
TIC MARKS 
GLITCH 
1. CHANNEL SEQUENCE select: 


6. Time Measurement Field: 


Move cursor into this field and type in desired order of channel 
presentation. This allows placing any desired channels side-by-side 
for comparisons. Use letter X to blank a channel slot on the CRT. 


Move cursor into this field and press FIELD SELECT to turn ON or 
OFF the expand indicator. This 1-division brightened portion of the 
trace is the area that will be displayed on screen if X10 MAGNIFI- 
CATION is selected. It can be positioned anywhere on the display by 
using the ROLL DISPLAY keys. It may mask glitch display so it 
can be turned off if desired. 


Move cursor into this field and press FIELD SELECT toturn ON or 
OFF the display of glitches. This can reduce display clutter when 
making timing measurements. 


Move cursor into this field and press FIELD SELECT to choose 
either X1 or X10 display magnification. A 1-division brightened 
portion of the display in X1 magnification shows what part of the 
trace will be on screen in X10 magnification. 


Use SAMPLE PERIOD INCR/DECR keys to change internal clock 
rate for next trace. After incrementing or decrementing the sample 
period, the horizontal scale indications will be invalid for the dis- 
played data until a new trace is obtained. 


Move cursor to this field and press FIELD SELECT key to zero 
indications. Then use ROLL DISPLAY keys to move expand indica- 
tor along trace. Time measurement field will show the elapsed time 
between the present and original position of the expand indicator. 


Figure 3-23. Timing Diagram Display 
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3-55. SIMULTANEOUS SYNCHRONOUS/ 


ASYNCHRONOUS MEASUREMENTS. 


3-56. The 1615A offers a dual mode of operation where 
the 16 bits gathered by pods 2 and 3 are clocked in for 
state analysis and the 8 bits gathered in pod 1 are cap- 
tured asynchronously for timing analysis. This mode is 
used when the area of concern involves both synchro- 
nous and asynchronous activity, such as finding the 
source of glitches at a particular point in program execu- 
tion. The dual mode gathers its information via one of 
four interactive trigger modes (see ARMS/TRIGGERS 
paragraph). 


3-57. In the Format Specification menu (figure 3-26), 
the operator sets up the individual formats for the 16-bit 
and 8-bit analyzers. In the Trace Specification menu 
(figure 3-27), the synchronous and asynchronous trigger 
and delay specifications are established for each of the 
two separate functions. Both menus offer nearly the 
same parameters as are offered for the 24-bit and 8-bit 
modes, except that only one qualifier field is available 
for the state analyzer and the Trigger Events mode is 
not used. 


3-58. ARMS/TRIGGERS. Two modes of interactive opera- 
tion (ARMS and TRIGGERS) are available when the 
1615A is simultaneously used as a 16-bit synchronous 
state analyzer and an 8-bit asynchronous timing ana- 
lyzer. The effects of the two modes are shown in figures 
3-24 and 3-25. 
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3-59. 16 BIT TRIGGERS 8 BIT (figure 3-24). In this 
mode, the state analyzer receives external clocks while 
the timing analyzer waits. With each external clock, the 
16-bit state analyzer examines the associated data word. 
When the state analyzer recognizes its trigger word, it 
starts to retain data bytes in the 16-bit state memory 
according to the mode of operaton selected. At the same 
time that the state machine recognizes its trigger, it 
issues a trigger to start the 8-bit timing analyzer. The 
timing analyzer then gathers 256 8-bit bytes into its 
timing memory. Since the two analyzers operate inde- 
pendently, they may gather data at different clock rates, 
as shown in figure 3-24. This enables an operator to 
obtain a timing diagram of the activity associated with 
a very small portion of an operating program. 


3-60. By using the TRIGGERS mode of triggering, the 
following applications are available: 


a. Lines can be observed to detect the source of a 
false interrupt (asynchronous condition) which occurs 
at a particular point in program execution (synchronous 
state). 


b. The stability of input lines can be verified 
(asynchronous activity) prior to reading an I/O port 
(synchronous state). 


c. Control line states (asynchronous activity) can 
be checked during a subroutine call (synchronous state). 


| DATA IS RECORDED : 


8-BIT 

TIMING 

ANALYZER 

CLOCKS \ 


TRIGGER 
SATISFIED a 


| DATA IS RECORDED 


Figure 3-24. 16 BIT TRIGGERS 8 BIT Mode 
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3-61. 16 BIT ARMS 8 BIT (figure 3-25). In this mode, 
each of the two analyzers search for their own unique 
trigger words. The state analyzer starts searching for its 
trigger word as soon as the run begins, but the timing 
analyzer is held in a disarmed mode. When the state 
analyzer finds its trigger, it arms the timing analyzer, 
allowing it to start its own trigger word search. When 
the timing analyzer finds its trigger word, it then 
acquires its 256 bytes of data. In this mode, both digital 
and time delay can be obtained in one measurement. 


3-62. By using the ARMS mode of operation, the 1615A 
can be set up to search for a particular pattern on a set of 
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control lines (asynchronous acitivity) only after a spe- 
cific point in program execution (synchronous state). 
One application of this mode would be to monitor a 
status word for change (asynchronous activity) after 
completion of a bootstrap (synchronous state). 


3-63. The 1615A also offers the 8 BIT TRIGGERS i6 
BIT and 8 BIT ARMS i6 BIT modes of triggering. These 
modes are identical to those described above, except that 
the 8-bit timing analyzer begins watching the incoming 
data at the start of the run and the 16-bit state analyzer 
waits to receive an enabie or trigger. 
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Figure 3-25. 16 BIT ARMS 8 BIT Mode 
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MODE select: Move cursor into this field and press FIELD SELECT to obtain 16 and 8 BIT 
MODE. 


CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either positive- edge or 
negative-edge of incoming clock for data acquisition. 


The 16-bit format specification menu is shown above the dashed horizontal line on the display. Menu selections 
are made in the same manner as for the 24-BIT FORMAT SPECIFICATION, except that only the 16 probes of 
pods 2 and 3 are available for synchronous state measurement. 


The 8-bit format specification menu is shown below the dashed horizontal line on the display. Menu selections 
are made in the same manner as for the 8-BIT FORMAT SPECIFICATION. 


Figure 3-26. 16-bit & 8-bit Format Specification Menu 
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1. Trigger Interaction select: Move cursor to this field and press FIELD SELECT to choose one of 
the four trigger interaction modes: 
(1) 16 BIT ARMS 8 BIT 
(2) 16 BIT TRIGGERS 8 BIT 
(3) 8 BIT ARMS 16 BIT 
(4) 8 BIT TRIGGERS 18 BIT 


The 16-bit trace specification menu is shown above the dashed horizontal line on the display. Menu selections are 
made in the same manner as for the 24 BIT TRACE SPECIFICATION, except that only one CLOCK QUALI- 
FIER field is available and the TRIGGER EVENTS mode is eliminated. 


same manner as for the 8-BIT TRACE SPECIFICATION. 


Figure 3-27, 16-bit & 8-bit Trace Specification Menu 
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3-64. STATUS MESSAGES. 


3-65. The following messages are displayed on the 
1615A screen to provide an indication of 1615A operat- 
ing status. (Messages may vary with different 1615A 
options.) 


COMMAND iGNORED - Displayed when an error exists 
in the operator’s entry. 


DELAY OUT OF RANGE - Displayed when delay specifi- 
cation exceeds 1615A capabilities. 


ERROR IN RAM # - Displayed when 1615A detects a 
write and read-back error during the power-up self test. 


ERROR iN ROM # - Displayed when 1615A detects a 
check-sum failure during power-up self test. 


INVALID ENTRY - Displayed when an entry is made that 
does not fit the field definition, such as entering an 8 in 
an octal field. 


NO ASSIGNED LABEL - Displayed when all probes are 
labeled X, an invalid condition. 


a TRIGGER - Displayed between the time that the 
615A starts looking for its trigger and the time that it 


nie its trigger. 


NO 16 BIT TRIGGER - Displayed between the time that 
the 1615A starts looking for its 16-bit trigger and the 
time that it finds its trigger. 


NO 8 BIT TRIGGER - Displayed between the time that 
the 1615A starts looking for its 8-bit trigger and the time 
that it finds its trigger. 


POWER UP COMPLETE - Displayed after the end of the 
self test if the self test detected proper operation. 


POWER UP FAILED - Displayed after the end of the self 
test if the self test detected improper operation. 


SLOW CLOCK - Displayed when the repetition rate of 
the external clock is slow. 


SPLIT LABEL - Displayed when the letter assignments 
in the probe label field are not contiguous. 


TEST COMPLETE - Displayed when the data-acquisition 
self test is completed and the 1615A is found to be operat- 
ing properly. 

TEST FAILED, STATUS — - Displayed when an error is 
detected during the data-acquisition self test. Interpreta- 
tion of status codes is further explained in Section VII 
of this manual. 


TEST IN PROCESS - Displayed during the time that the 
1615A is performing a self test. 


Operation 


TRIGGER NOT IN MEMORY - Displayed when the AT 
TRIG WORD key is pressed and the trigger word is not 
in memory, due to trigger delays, etc. 


UNALLOWED VALUE - Displayed only in decimal fields 
when an out-of-range entry is made. 


USE FIELD SELECT KEY - Displayed when the operator 
presses one of the alphanumeric keys in a field that is 
controlled by the FIELD SELECT key. 


>0<256 WDS - Displayed only when operating with a 
siow external clock capturing state data in the trigger 
starts trace mode. This message tells how many valid 
data wurds have been captured since the start of the 
trace, and before the trace is complete. 


3-66. OPERATOR’S TESTS. 


3-67. Several test routines have been built into the 
1615A. These routines are available to the instrument 
operator through front-panel selection. Each test pro- 
vides a simple method of ensuring reliability in the spe- 
cific function or functions tested. If a self-test failure 
occurs, be sure to check all external connections. 


3-68. POWER-UP SELF TEST. 


260 This gaif test is perf ormed automatically at 


u-UOe. 2240 OVAL rest 1S 


instrument turn on if no ‘Repboard’] Key is held down. 
Built-in routines check the instrument program ROMs, 
display RAM for alphanumeric displays, and the micro- 
processor RAM. Successful completion of this test is 
indicated when the CRT displays the 24-bit format speci- 
fication with POWER UP COMPLETE in the upper, 
right-hand corner. A failure in this test sets the test in a 
loop and the CRT indicates the circuitry that failed, such 
as ERROR IN ROM #3, 4, 5. The 1615A continues to 
rerun the test and refresh the display. When the mal- 
function is corrected, the 1615A wili proceed through the 
remainder of the power-up test and finish with POWER 
UP COMPLETE and the 24-bit format specification. 


3-70. KEYBOARD SELF TEST. 


3-71. The keyboard self test is initiated when the A key 
is held down during instrument turn on. In this test, the 
display shows NEXT KEY #1, LAST KEY #13. To indi- 
vidually check the proper operation of the entire key- 
board, the keys must be pressed in sequence from left to 
right and top to bottom in each functional group. The 
LAST KEY # will show the number of the last key 
pressed but the NEXT KEY # will only advance if the 
next key specified is pressed. To end this test, press the 
STOP key. Then the dispiay will switch to the 24-bit 
format specification. 


3-72. Ifa key (other than A through D) is stuck down 
during power up, the display will show POWER UP 
FAILED, and LAST KEY # will show the number of the 
stuck key. 
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Opeiativii 
3-73. DATA ACQUISITION SELF TEST. 


3-74. The data acquisition self test is initiated when the 
B key is held down during instrument turn on. A pro- 
gram of test data is begun which exercises all variables 
in the data acquisition circuitry. The clock probe must be 
connected to the SELF-TEST CLOCK and COMMON 
test points on the front panel to perform this test. At the 
end of the test, the display shows the 24-bit format speci- 
fication menu and TEST COMPLETE in the upper, 
right-hand corner. 


3-75. If a failure occurs during the data acquisition 
test, the display will show TEST FAILED, STATUS = 
(code number). The code number is always in octal and 
indicates machine status at the time of the failure. Refer 
to Section VIII of this manual for a list of failure codes 
and their interpretations. 


3-76. Press FORMAT SPECIFICATION and TRACE 
SPECIFICATION; the display will show what state of 
the test was in process when the failure occurred. When 
the cause of the failure is discovered and corrected, the 
test that failed can be repeated by pressing the TRACE 
key. However, the untried remaining tests in the data 
acquisition self test will not be performed. To perform 
the entire data acquisition self test, turn off instrument 
power and turn it back on while holding the B key down. 


3-77. Section VIII contains a list of the tests performed 
during the data acquisition self test. By referring to 
Section VIII, you can determine which portions of the 
circuitry were found to be operating properly, which 
portion of the circuitry failed the test, and which por- 
tions of the circuitry were not tested. 
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3-78. If you do not wish to perform the remainder of the 
data acquisition self test, press the TRACE SPECIFI- 
CATION key and make a change to the displayed trace 
specification. This removes the internal count-up mode 
from the input circuitry and reconfigures the 1615A to 
acquire external data. 


3-79. DSA TEST LOOPS. 


3-80. While these functions are not truly instrument 
self tests, they are included here because they are condi- 
tions accessible from the front panel. Each test condi- 
tion configures its related circuitry in a loop for trouble- 
shooting with DSA measurements. In both of these 
conditions, the keyboard is disabled. To terminate either 
of these conditions, instrument power must be turned 
off. 


3-81. DATA ACQUISITION DSA MEASUREMENTS 
CLOCK. This clock is initiated when the C key is held 
down during instrument turn on. In this condition, 
TEST IN PROCESS is displayed on screen and a clock is 
supplied to the SELF-TEST CLOCK terminal for use in 
troubleshooting the data acquisition circuits. 


3-82. DISPLAY DSA MEASUREMENTS. The display 
DSA measurements mode is initiated when the D key is 
held down during instrument turn on. The clock probe 
must be connected to the SELF-TEST CLOCK and 
COMMON test points on the 1615A front panel. In this 
mode, the keyboard is disabled and the display shows a 
timing disgram of the clock with each probe channel 
running at one-half the rate of the channel above it. In 
this mode, the microprocessor is halted and the circuitry 
is configured in a loop which can be used for DSA testing 
of the display logic circuits. 
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SECTION IV 


PERFORMANCE TESTS 


4-1. INTRODUCTION 


4-2. The procedures in this section test the instrument 
electrical performance using the specifications of table 
1-1 as tha performance tandards. All tasts ean ha nor. 
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formed without access to the interior of the instrument. 
A simpler operational test is included in Section III 
under Operator’s Tests. 


4-3. EQUIPMENT REQUIRED. 


4-4. Equipment required for the performance tests is 
listed in the Recommended Test Equipment table in Sec- 
tion I. Any equipment that satisfies the critical specifi- 
cations given in the table may be substituted for the 
recommended model(s). 


4-5. TEST CONNECTOR. 


4-6. The performance tests and adjustment procedures 
require connecting pulse generator outputs to probe pod 
inputs. These tests require either one or two 50-ohm ter- 
minations. Figure 4-1 shows how to build a connector 
that includes a 50-ohm termination for a pulse genera- 
tor. The Hewlett-Packard part numbers for the parts 
used in the test connector are listed below. Equivalent 
parts may be used. 


BNC connector .......... 00.000 cece eee ee 1250-0083 
SOldG? HIE. 2524 iacunhials ngae stata Seka veo 0360-1632 
TU eee Oe LN Oa Te 2950-0001 
2 resistors, 1 watt, 100 ohms............. 0760-0024 


4-7. TEST RECORD. 


4-8. The results of the performance tests may be tabu- 
lated on the Test Record at the end of the procedures. The 
Test Record lists all the tested specifications and their 
acceptable limits. The results recorded at incoming 
inspection can be used for later comparisons during peri- 
odic maintenance, troubleshooting, and after repairs or 


adiustments. 


Nea Vane 


BNC 
CONNECTOR 


eS 


TWO 

100 OHM 

1 WATT 
RESISTORS 


Figure 4-1. 50-ohm Test Connector 


4-9. OPERATION VERIFICATION. 


4-10. To assure that the 1615A is operating properly 
without testing all of the specifications listed in table 1- 
1, perform the Operator’s Tests described in Section III 
of this manual. Make certain that each of the self tests 
can be accessed via the applicable keyboard keys and 
that each test reaches its designed conclusion. This veri- 
fies proper instrument operation. 


4-11. SPECIFICATIONS TESTS. 


4-12. The following tests verify the specifications listed 
in table 1-1. They can be used as an incoming inspection 
procedure, or for performance testing after instrument 
repairs or adjustments have heen made. 
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PERFORMANCE TESTS 
4-13. CLOCK, QUALIFIER, AND DATA INPUTS TEST. 


SPECIFICATION: 
REPETITION RATE: to 20 MHz. 
MINIMUM INPUT: 
Swing 0.6 V. 
Clock Pulse Width: 20 ns at threshold level. 
Setup Time: time data must be present prior to clock transition, 20 ns. 
Hold Time: time data must be present after clock transition, zero. 
INPUT THRESHOLD: TTL, fixed at approx. +1.5 V; variable +10 Vdc. 
INPUT RC: 50 kO shunted by <14 pF at probe tip. 


DESCRIPTION: 


This test verifies the specifications of the 10248B input probes when used with the 1615A Logic Analyzer. Each data 
probe should be tested separately. 


EQUIPMENT: 
Pulse Generators (2) 
Oscilloscope 
Multimeter 
LCR Meter 


PROCEDURE: 
a. Connect pulse generators and oscilloscope to 1615A as shown in figure 4-2. Connect all inputs of clock probe and 


probe pod 1 to their respective signal sources. Connect probe pods 2 and 3 to Model 1615A but do not apply signals 
to these probe pods. 


PULSE PULSE 
GENERATOR GENERATOR 
OSCILLOSCOPE 1 2 MODEL 1615A 


TRIGGER 


TRIGGER OUTPUT INPUT OUTPUT 
OUTPUT © 


10:1 PROBE 


SEE FIG. 4-1 SEE FIG. 4-1 


Figure 4-2. Clock, Qualifier, and Data Inputs Test Setup 
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b. Set up pulse generators to supply waveforms shown in figure 4-3. 

c. Press FORMAT SPECIFICATION key on 1615A. 

d. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-4. 
e. Press TRACE SPECIFICATION key. 

f. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-5. 
g. Set each PROBE THRESHOLD LEVEL switch to TTL. 

h. Press TRACE key. Observe trace list of FF on probe pod 1 and 9@ on pods 2 and 3. 

i. Remove inputs from probe pod 1 and connect to probe pod 2. 


j. Press TRACE key. Observe trace list of FF on probe pod 2 and 00 on pods 1 and 3. 


PULSE 
GENERATOR 1 


‘| ----0V 
canis , (DATA INPUT) 
m --7 20 

PULSE 
= oe] E GENERATOR 2 
—— ee = OV 
(CLOCK INPUT) 


Figure 4-3. Clock, Qualifier, and Data Inputs Test Waveform 


AAAAAAAA — 24 BIT + BBBBBBBB XX XX FF DELAY 


Abe SPEC IFICGTA OM 


LABEL SELECT BS 
CS.B,0.4% 


LOGIC POLARITY Bp | 
BASE Bia oo 


/ i { i 1 ‘. X 
A B C cccccccc START ALL STATES OFF 000000 XXXXXX 
+ 


Figure 4-4. Format Specification for Clock, Qualifier, Figure 4-5. Trace Specification for Clock, Qualifier, 
and Data Inputs Tests and Data Inputs Tests 
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PERFORMANCE TESTS 


k. Remove inputs from probe pod 2 and connect to probe pod 3. 


l. Press TRACE key. Observe trace list of FF on probe pod 3 and 0@ on pods 1 and 2. This verifies the 1615A specifi- 
cations as follows: 
REPETITION RATE: to 20 MHz. 
MINIMUM INPUT 
Clock Pulse Width: 20 ns at threshold level. 
Setup Time: 20 ns. 
Hold Time: zero. 


Connect multimeter to each MEASURE test point on PROBE THRESHOLD LEVEL panel. Multimeter should 


m. 
indicate approximately +1.5 Vdc (TTL threshold). 

n. Set PROBE THRESHOLD LEVEL switches to VARIABLE and recheck each MEASURE test point with multi- 
meter. Turn each ADJUST control throughout its range and make certain that voltage on associated test point 
can be varied from —10 V to +10 V. 

o. Adjust each ADJUST control to obtain +1.5 Vdc at associated MEASURE test point. 


p. Disconnect inputs from probe pod 3 and reconnect to probe pod 1. 


q. Set up pulse generators to supply waveforms shown in figure 4-6. 


20 ey 
eis *THRESHOLDS SHOWN ARE 
APPROXIMATE AND WILL 
PULSE BE SLIGHTLY HIGHER THAN 
GENERATOR 1 _ s SYMETRICAL. 


(DATA INPUT) 


FUNCTION GENERATOR OFFSET 


MAY BE ADJUSTED FOR 
a 100NS nt STABLE DISPLAY. 


je— 20NS——e4 


PULSE 


GENERATOR 2 _ 0.6Vp-p — — 
(CLOCK INPUT) 


Figure 4-6. Minimum Input Voltage Swing Test Waveforms 


Repeat steps c through 1, except leave PROBE THRESHOLD LEVEL switches in VARIABLE. This verifies 
1615A minimum input swing specification of 0.6 V. 


Connect multimeter to each probe input lead (+ side to probe channel, — side to probe ground). Multimeter should 
indicate 50 + 5 kilohms. 


t. Using LCR meter, measure shunt capacitance between each probe input lead and probe ground. Each input ca- 
pacitance should be approximately 15 to 25 pF (probe capacitance without external wiring is <14 pF.) 


u. Reset PROBE THRESHOLD LEVEL switches to TTL. 
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4-14. ASYNCHRONOUS OPERATION TEST. 


SPECIFICATION: 
MINIMUM DETECTABLE GLITCH: 5 ns with 30% peak overdrive or 250 mV, whichever is greater. 
GLITCH TRIGGER: on any selected channel(s), if a glitch is captured, the glitch is AND’ed with the asynchronous 
pattern trigger. . 
PATTERN TRIGGER: any 8-bit pattern. Variable trigger duration 15,50, 100, 200, 500, 1000 or 2000 ns +15 ns or 15%, 
whichever is greater. 
EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum with 30% peak overdrive or 250 mV, whichever is greater. 


DESCRIPTION: 
This procedure verifies the glitch detection, glitch triggering, externai trigger, and asynchronous patiern triggering 
operation of the 1615A. 


EQUIPMENT: 
5-ns Pulse Generator. 
Oscilloscope. 
50-ohm Termination (see figure 4-1). 


PROCEDURE: 
a. Connect 1615A to test equipment according to figure 4-7. Use pulse generator with 5-ns pulse output capability. 


b. Connect all probe pods to 1615A, but connect only data lead @ of pod 1 to pulse generator. 
c. Adjust pulse generator to supply test waveform shown in figure 4-8. 


d. Press FORMAT SPECIFICATION key. 


5NS 
PULSE 
MODEL 1615A GENERATOR OSCILLOSCOPE 


OUTPUT 


50 
S (SEE FIG. 4-1) 


10:1 PROBE 


Figure 4-7. Asynchronous Specification Test Setup 
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PERFORMANCE TESTS 

e. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-9. 

f. Press TRACE SPECIFICATION key. 

g. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-10. 

h. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti- 
cal lines (glitches) on channel # (GLITCH DISPLAY field must be ON). Move cursor to MAGNIFICATION field 
and press FIELD SELECT to expand display to clearly see glitches. 

i. Disconnect bit § and connect bit 1 to pulse generator output. 

j. Press TRACE SPECIFICATION key. 


k. Delete glitch requirement on channel @ and insert glitch requirement on channel 1. 


l. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti- 
cal lines (glitches) on channel 1 display. 


--- ov 


Figure 4-8. Asynchronous Operation Test Waveform 


ee 8 BIT START OFF ON INT TIME 5SONS/CLK 


FORMET SPE 


TRACE ~f 
MODE 


PCy TK 


+ BIN EEEEEEEE OFF XXXXXXXX ot.“ >500NS 00.0NS 
Figure 4-9, Asynchronous Tests Format Specification Figure 4-10. Asynchronous Tests Trace Specification 
Menu Menu 
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PERFORMANCE TESTS 


Repeat steps 1 through | to check glitch triggering on channels 2 through 7. This verifies 1615A ability to detect 
and trigger on a minimum glitch in any selected channel. 


n. Disconnect bit 7 and connect bit 1 to pulse generator output. 

o. Press TRACE SPECIFICATION key. 

Move cursor to glitch trigger field and delete glitch requirement (ANY GLITCH ON ANY OF -------- ). 
q. Move cursor to trigger word field and select XXXXXX1X. 

r. Set output of pulse generator for pulse width less than 500 ns. 

Press TRACE key on 1615A. Display should show WARNING = NO 8 BIT TRIGGER. 


Adjust pulse width from pulse generator for pulse greater than 500 ns. Display of 1615A should show TRACE 
COMPLETE. This verifies 1615A asynchronous pattern trigger with variable trigger duration. 


u. Press TRACE SPECIFICATION key. 


Move cursor to each field in menu. Set up menu according to figure 4-11. 


V. 
TRACE SPECIFICATION TRACE-COMPLETE 
taser pees ager tO SeRBeK 
ON EXT 
Figure 4-11. External Trigger Test Trace Specification Menu 

w. Press TRACE key. Display will show TRACE — IN PROCESS and WARNING — NO 8 BIT TRIGGER. 

x. Set pulse generator to supply 5-ns pulse width, 5-volt amplitude, 1-ysec repetition rate. 

y. Connect clock probe EXT TRIG input to pulse generator output. Display of 1615A will show TRACE COM- 


PLETE. This verifies 1615A acceptance of minimum external trigger on clock probe (at least 30% of the total 
pulse voltage or 250 mV, whichever is greater, must be above the threshold level for at least 5 ns). 
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PERFORMANCE TESTS 
4-15. TRIGGER OUTPUTS (REAR PANEL) TEST. 


SPECIFICATION: 
LEVEL: high, 2+2 V into 500. 
low, <+0.4 V into 500. 
DELAY FROM INPUT CLOCK: approx. 85 ns (16/24 BIT) 


DELAY FROM PATTERN RECOGNITION TRIGGER AT PROBE: approx 45 ns plus asynchronous trigger dura- 
tion width (8 BIT). 


DESCRIPTION: 
This test verifies the specified operation of the trigger and trace point outputs on the rear panel of the 1615A. 


EQUIPMENT: 
Oscilloscope 
Pulse Generator 
50-ohm Termination (see figure 4-1). 


PROCEDURE: 
a. Connect test equipment to 1615A as shown in figure 4-12. 


b. Press FORMAT SPECIFICATION key on 1615A. 


PULSE 
GENERATOR 


OSCILLOSCOPE 


MODEL 1615A 


OUTPUT 


10:1 PROBE 


500. 
(SEE FIG. 


Figure 4-12 Trigger/Trace Point Outputs Test Setup 
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or 


Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-13. 

Press TRACE SPECIFICATION key. 

Press DEFAULT key to format displayed menu in its most simple form. 

Adjust pulse generator to supply waveform shown in figure 4-14 to 1615A. 

Press TRACE key on 1615A. Hold key down to obtain TRACE CONTINUOUS indication on display. 


Connect oscilloscope channel B to measure waveform at 16/24 BIT TRIG OUT on rear panel of 1615A. Oscillo- 
scope should show high level of <+0.4 V into 500. 


Disconnect oscilloscope channel B from 16/24 BIT TRACE OUT and connect to 16/24 BIT TRACE OUT on 
1615A rear panel. Oscilloscope should show high level of >+2 V into 500 and low level of <+0.4 V into 500. For 
more readable display, press TRACE SPECIFICATION key to increase repetition rate. 


Press FORMAT SPECIFICATION key on 1615A. 


24 BIT — AAAAAAAA = =CCCCCCCC 


FORMAT OS é YRACE-COMPLETE 
on PRES E fg I 
CLoS 


LABEL SELECT 
Kis B ONE 


LORIC POLARITY 
BASE & 


+ st + BBBBBBBB 
BIN BIN BIN 


Figure 4-13. Trigger/Trace Point Outputs Format Specification 


Figure 4-14. Trigger/Trace Point Outputs Test Waveform 
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PERFORMANCE TESTS 
k. Press FIELD SELECT key to obtain 8 BIT MODE. 
1. Press DEFAULT key to obtain most simple 8 BIT format specification menu. 
m. Press TRACE SPECIFICATION key. 
n. Press DEFAULT key to obtain most simple trace specification menu. 
o. Move cursor into trigger ON field and enter XXXXXXI1X. 
p. Hold TRACE key down to obtain TRACE CONTINUOUS operation. 


q. Connect oscilloscope channel B to monitor 8 BIT PATTERN OUT on rear panel of 1615A. Observe high level of 
>+2 V into 500 and low level, of <+0.4 V into 500. 
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PERFORMANCE TEST RECORD 


HEWLETT-PACKARD 


MODEL 1615A 


LOGIC ANALYZER Tested by 
SERIAL NO, —- Date 
Paragraph Results 
Number Test i Actual 
4-13 Clock, Qualifier, and Data Inputs 
Repetition Rate to 20 MHz Valid Clock 
Minimum Input Swing 0.6 V Valid Clock 
and Data 
Clock Pulse Width 20 ns Valid Clock 
Setup Time 20 ns Valid Data 
Hold Time 0 Valid Data 
Input Threshold TTL +1.5 V Variable +10 Vde 
4-14 Asynchronous Operation 
Minimum Detectable Glitch 5 ns Glitch 
Indication 


Glitch Trigger on any 
Selected Channel 


Valid Trigger 


Pattern Trigger, any 8-bit 
Pattern with Variable Duration. 


Valid Trigger 


External Trigger Valid Trigger 


4-15 Trigger Outputs 
(Rear Panel) 


16/24-bit Outputs 


Trigger High Level >2 V 

Trigger Low Level <0.4 V 
Trigger Delay approx 85 ns 

Trace High Level >2 V 

Trace Low Level 


Trace Delay approx 85 ns 


Input RC 45 KO 55 KO <14 pF 


| <0.4 V | 
| | 


| 8-bit Output 
High Level 
Low Level 
Delay 45 ns + 


Async. Trig. Duration 


4-11/(4-12 blank) 
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SECTION V 
ADJUSTMENTS 
5-1. INTRODUCTION. 5-5. PREADJUSTMENT PROCEDURES. 
5-2. This section contains a complete adjustment pro- a. Disconnect 1615A power cord. 


cedure for the 1615A. Perform the adjustment procedure 
only after instrument repairs. The adjustments can be 
made separately. These adjustments should not be part 
of a periodic maintenance program. c. Remove 1615A left side cover. (See figure 5-6.) 


The adjustments are performed with the top 
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Read the Safety Summary at the front of this and left side covers removed. Use care to 
manual before performing adjustment pro- avoid shorting or damaging internal parts of 
cedures. the instrument. 
5-3. EQUIPMENT REQUIRED. | d. Reconnect 1615A power cord. 
5-4. A list of recommended test equipment is provided e. Press LINE switch to on position. The ON lamp 
in Section I of this manual. should light. 
ADJUSTMENTS 


5-6. 5-VOLT POWER SUPPLY ADJUSTMENTS. (See figure 5-6 and schematic 2.) 
a. Connect multimeter to test point +5 (A7TP2) and GND (A7TP4). 
b. Adjust A7R12 for +5.13 volts on multimeter. 
c. Connect multimeter to test point —5 (A7TP3) and GND (A7TP4). 


d. Adjust A7R22 for —5.3 volts on multimeter. 
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5-7. 


i. 


4 
je 


k. 
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ADJUSTMENTS 
DISPLAY ALIGNMENT. 
Normally it is not necessary to perform this procedure unless the CRT has been replaced. 
Press LINE switch to off position and disconnect power cord. 
Remove screw that secures post-accelerator lead to CRT shield. 
Loosen four screws that hold CRT shield to main deck. 
Remove CRT shield. 
Loosen clamp on yoke L1. 
Reconnect power cord and press LINE switch to on position. 
Rotate yoke L1 so that horizontal lines on display are parallel with top and bottom of display window. 
Press LINE switch to off position and disconnect power cord. 
Tighten clamp on yoke L1. 

CAUTION 
Hand-tighten only. Excessive tightening will damage CRT. 

Reinstall CRT shield and post-accelerator lead holder. 


Reconnect power cord and press LINE switch to on position. 


DISPLAY ADJUSTMENT. (See figure 5-7 and schematic 3.) 


Press TIMING DIAG key. 


Turn contrast adjustment A13R61 fully clockwise. This control is a service aid only. For normal operation, 
A13R61 should be fully clockwise. 


Slowly adjust intensity control A13R60 clockwise until retrace lines can be seen. Then return A13R60 counter- 
clockwise until desired brightness is obtained. 


Excessive intensity will burn CRT phosphor, but this will not degrade display performance. 
If vertical lines cannot be seen, adjust contrast control A6R21 (figure 5-6) for desired display contrast. 
Adjust focus control A13R45 for best overall focus of display. 
Set horizontal size A13R6 and vertical size A1l3R18 fully counterclockwise. 
Adjust horizontal position A13R14 and vertical position A13R40 to center display. 
Adjust linearity control A13R23 so that characters in top and bottom lines of display are same height. 
Adjust horizontal size A13R6 and horizontal position A13R14 for 20 mm (0.8 in.) margin on each side of display. 
Adjust vertical size Al3R18 and vertical position A13R40 for 5 mm (0.2 in.) margin at top and bottom. 


Repeat step h. 
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5-10. TIMING ADJUSTMENTS. (See figures 5-1 and 5-8, and schematic 7A.) 


5-11. Timing adjustments should only be checked and adjusted after repair of assembly A2 or a data acquisition 
malfunction. 


a. Set LINE power switch to off position. 

b. Remove assembly A2. 

c. Intall extender board. 

d. Install A2 on extender board. 

e. Connect oscilloscope input A to A2TP1 and input B to A2TP2, the 8-bit clock strobe timing test points. 


f. Connect clock probe input to SELF-TEST CLOCK and connect clock probe ground to COMMON on 1615A front 
panel. 


g. Set LINE power switch to on position. 


h. Press TRACE key. Oscilloscope should show waveforms in figure 5-1. 
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Figure 5-1. Timing Generator Clock Strobe Waveforms 


i. Adjust A2R10 (E20) for 21 ns between leading edges of A2TP1 and A2TP2 waveforms. 

j. Adjust A2R11 (E49) for 49.5 ns between leading edge of A2TP1 waveform and trailing edge of A2ZTP2 waveform. 
k. Connect oscilloscope input A to A2TP3 and input B to A2TP4, the 16-bit clock strobe timing test points. 

1, Adjust AZRizZ (A260) for Zi os between leading edges of AZTPS and A2 


m. Adjust A2R11 (A499) for 49.5 ns between leading edge of A2ZTP3 waveform and trailing edge of A2TP4 waveform. 


5-3 


ADJUSTMENTS 
5-12. FILTER WIDTH ADJUSTMENT. (See figures 5-2 through 5-6, and schematic 5A.) 
a. Press FORMAT SPECIFICATION key. 
b. Set up format specification according to figure 5-2. 
c. Press TRACE SPECIFICATION key. 
d. Set up trace specification according to figure 5-3. 


e. Connect instruments according to test setup in figure 5-4. 


rie + START OFF INT TIME 5ONS/CLK 


FORMAT SPECIFICATIOS eck COMPLETE 


HODE ‘Sens 
CLOck SLOPE am 


+ BIN EEEEEEEE 


OFF XXXXXX10 —~-----=- 500NS 00.0NS 
Figure 5-2. Format Specification for Filter Width Figure 5-3. Trace Specification for Filter Width 
Adjustment Adjustment 


PULSE 
GENERATOR 


OUTPUT 


MONITOR 
OSCILLOSCOPE 


GND 


DATA BIT 1 


SEE SECTION IV 


10:1 RROBE 


Figure 5-4. Filter Width Adjustment Test Setup 
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Model 1615A 


AN WICTMENTS 

FitWw VW ET vibe ft EF WW 
; jus n ide waveform with parameters as shown in figure 5-5. —5.2V ADJ +5V ADJ CONTRAST ADJ FILTER ADJ 
f. Adjust pulse generator to provide wa m para sho g ree ode A6R21 AA4RD0 


g. Set filter adjustment A4R20 fully clockwise. 


h. Press and release TRACE key. | | | es | 7 


Ai3 AZ Ad A6 A4 A3 AZ Afi 
i. Readjust A4R20 counterclockwise unti! 1615A just triggers on 500-ns pulse. Maenen 
i INTENSITY 
j. Repeat steps h and i to obtain the best adjustment of A4R20. 
1 t 
i { 
{ LEFT 
! y SIDE 
aN COVER 
500 NS ey ne 
—_—— OV —R4B 
—C32— al 
—C29 | 
—C28— — 
R51— 
: Saf . : . ; +5V ¥ ~C37= 
Figure 5-3. Filter Width Adiustment Waveform ATTP2 —AsBe A 
Fil OC) 
—i—L 
+¢—c35— 
—5.2V x rer, Sea 
ATTP3 Ez A2R12 oe G] 
—R56— 
—RS0— 
7 le | 5 —Rag— 
GND . A2R10 
ATTP4 
O E49 
A2R14 
O 
NOTE: . 
O x aag pare ND le 
C) A2R12 VIEWED FROM T 


Figure 3-8. Adjustment Locations, Tap View 


Adjustments 


16-BIT CLOCK 
A2R13 A2R11 A2R10 A2R12 STROBE TIMING 
(A49) (E49) = (A20) A2TP3/A2TP4 
A13R14 A13R40 
A13R60 A13R45 HORIZONTAL VERTICAL TP5 —_ 54__ 
INTENSITY FOCUS POSITION POSITION -R13- -R11— —R10- -R1i2- e , 
© 
ey ns St [a = fo 
g —R17— | 
A 
TPT] us : 
O Sneek 
. Cree y 
gill dlys 
wl ee 
OW! in O 
' i aw ! . 
TP12 a x | 
i os 
se) 
2 8 
—R58— —AS7— + ' 
5 c19 g ae C18 
e Ce | TPS big =" 
+ eee Pao — —R30— 
—rR59— [J tps me 
—R55— 6 = RS3— _ ae = as e 
—R56— 6 g—C34— — R28 — R22 — f 
—R50— —R52— Z : —R20— 
—Rag— Si —R19— ; 
R54—— = + 1 7 a —R6— U26 
a | | [] te1 “enone 
| y * + —C13—— | | —R4 
NOTE: . a *C32- 
BASE AND EMITTER PIN POSITIONS | EERE eee | 
ON Q1,06 AND 09 ARE SHOWN AS 15 1 
VIEWED FROM TOP OF TRANSISTOR. CORNECTE TOAIIAS 
A13R61 A13R6 A13R23 A13R18 
CONTRAST HORIZONTAL LINEARITY VERTICAL 
SIZE CONTROL SIZE 
U56 


\ 


8-BIT CLOCK 
STROBE TIMING 
A2TP1/A2TP2 


Figure 5-7. Adjustment Locations, Display Assembly A13 Figure 5-8. Timing Adjustment Locations, Assembly A2 


ut 
dr 


H20 
oh MP49 MP48 
H23 V1 L1 
H2 
CAPTIVE STAR WASHER ye 
LA ; 


pv. 


| I : 
| CAPTIVE 
ZA 
CR1 
W113 


DETAIL A 


MP8 MP3 MP4 


MP7 MP1 
M 


MP4? 
MP46 
MP45 MP52. 
SH UES 


| SH 


AY INPUT BOARD 


MP36 


W4 


(iaaages 


H17 MP40 


Sia KEYBOARD 
SEE DETAIL A 


Figure 6-1. 1615A Front Portion Exploded View 
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Replaceable Parts Model 1615A 


XF1MP3 
H8 


A7 POWER SUPPLY 
A12 EXTENDER BOARD 
A5 MICROPROCESSOR 
A6 DISPLAY PROCESSOR 
A4 B DATA ACQUISITION 
A3 B MEMORY 


A2 A TRIGGER 
AND CLOCK MUX 


Al A DATA ACQUISITION 


A13 DISPLAY 


A8 MOTHER BOARD 


| 
LU | eo 


Figure 6-2. 1615A Rear Portion Exploded View 
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Model 1615A 


Replaceable Parts 


SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION. 


6-2. This section contains material lists for ordering 
replaceable parts. The material lists are divided into lev- 
els of assembly with the material list of parts used in the 
final assembly first followed by material lists for each of 
the subassemblies. 


6-3. The information given for each part consists of the 
following: 


a. Reference designation(s) assigned to the part(s). 
b. Hewlett-Packard Part Number. 


c. Total qualtity of the part(s) used in the as- 
sembly. 


d. Description of the part. 


6-4. ORDERING INFORMATION. 


6-5. To order a part listed in the material lists, quote the 
Hewlett-Packard Part Number, indicate the quantity 
required, and address the order to the nearest Hewlett- 
Packard Sales/Service Office. 


6-6. To order a part that is not listed in the material 
lists, include the instrument model number, instrument 
serial number, a description of the part (including its 
function), and the number of parts required. Address the 


order to the nearest Hewlett-Packard office. 


6-7. DIRECT MAIL ORDER SYSTEM. 


6-8. Within the USA, Hewlett-Packard can supply 
parts through a direct mail order system. Advantages of 
using the system are: 


Direct ordering and shipment from the HP Parts 
Center in Mountain View, California. 


No maximum or minimum on any mail order (there 
is a minimum order amount for parts ordered through a 
local HP office when the orders require billing and 
invoicing). 


No invoices — to provide these advantages, a check 
or money order must accompany each order. 


6-9. Mail order forms and specific ordering informa- 
tion is available through your local HP office. 
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Repiaceabie Paris Mod 


MP59 
MP62 MP63 H26 H26 


MP64 MP65 MP66 


Figure 6-3. 1615A Frame Exploded View 
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Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts 


Reference 
Designation 


Description 


CHASSIS PARTS 


SGLoHOLEsSR SosQkM 


SGLeMOLEoFR S0e0KM 
FEM BGLeHOLESFR S0e0HM 
FEM 8GLeHOLESFR S0e0KM 
CEEoz2 MALE REC@FLG 


FEM 
FEM 


! 
01615866501 | 5 BOARD ASSEMBLY, STATE DATA ACQ, 28480 01615366650! 
01615066502 | 6 BOARD ASSEMBLY, TRIGGER AND CLOCK 28480 01615966502 
01615066503 | 7 BOARD ASSEMBLY, MEMORY 26480 01615866503 
01615066500 | 8 BOARD ASSEMBLY, TIMING DATA ACO, 28u80 0161566504 
01615-66517 1 BOARD ASSEMBLY, MICROPROCESSOR AND ROM 28480 01615-66517 
0161S066516 | 2 BOARD ASSEMBLY, DISPLAY PROGRAMMER 28480 01615~=66516 
’ Ota SabeStt | 9 BOARD ASSEMBLY, POWER SUPPLY 28480 01615966813 
AB 01615-66508 | 2 BOARD ASSEMBLY, MOTHER 28460 01615966508 
AQ 01615866509 | 3 BOARD ASSEMBLY, PROBE THRESHOLD/INPUT 28480 0161$=66809 
AYO 01615866510 | 6 BOARD ASSEMBLY, KEYBCARD 28uB0 01615966510 
Ai2 01615e66S12 | 8 BOARD ASSEMBLY, EXTENDER 28480 01615-66812 
Ais 01611266503 | 3 BOARD ASSEMBLY, DISPLAY DRIVER 28u8G 01611866803 
By 3160°0262 9 1 FANeTBAX SGeCFM 105e125V SO/60eHZ 06S3A ToomLe5KLn2s 82033115 
C4 016004026 8 { CAPACTTOReFXD ,2UF ¢e20X% 250VDC PPR 28480 0160°4026 
Cri 190100768 0 1 DICDESHV RECT 20KV 600UA 300N8 2777? Hoi? 
Cre 190600093 4 1 DIOCDE=Fw BROG {ooy 35A o47i3 MDA35O! 
dst 199000524 3 ! LEDeVISIBLE LUMAINT@IMCD IFeoQMAaMAX 28480 5082=4550 
E1 0340-0511 0 4 INSULATOR-XSTR KAPTON 28480 0340-0511 
USED ON Q1 AND 2, U1 AND 2 
E2 01615-01204 | 9 1 STRAP-GROUNDING, BETWEEN MP40 AND MP41 28480 01615-01204 
ES 036000001 5 1 CRT CLAMP GROUNDING 28u80 O360°000! 
Fy 211000014 3 { FUSE 4A 280V SLOeBLO 4,25%,28 UL 78915 313008 
Fy 211020303 3 1 FUSE 24 250V B8LOeBLO 1,25X%,25 UL 28480 211020303 
wt OS20e0127 6 2 SCREWeMACH 2856 .188PINeLG PANeHDePOZ] 00000 ORDER BY DESCRIPTION 
He 0359000076 1 4 NUT@HEX@PLSTC LKG Sed0eTHD ,143eINeTHK 2a4B0 05¢0°0076 
HS 128100218 6 & LOCKe8UBMIN DB CONN 28480 1251-0218 
CATTACH HARDWARE FOR JS THRU J8)} 
Hg 219000011 8 a WASHER@LK INTL 7 NO, $0 ,19SeINeID 28480 219080011 
(FOR ABC1, Aace) 
Mg 219000016 3 4 WASHERSLK INTL T 3/8 IN ,377eIN@ID 28486 219080016 
He 219000017 4a 8 WASHER@LK HLCL NO, & ,168eINeID 28480 2190001? 
a7 219000019 6 WASHERwLK HLCL NO, @ ,115eINeID 28480 219080019 
Ha 219000037 8 1 WASHER@LK INTL T 1/2 IN ,Si2eINelD 28480 219020037 
He 2199000408 & 2 WASHEReLK HLCL NO, 2 ,08BeINeID 28480 2190000468 
Hy0 219000910 6 2 WASHEReLK INTL T NO, & ,LeeINeID 28480 219080910 
Mii 220060191 0 5 SCREWeMACH Wedd ,188eI1NeLG PANeHDaPOZI 00000 ORDER By DESCRIPTION 
fs (FOR MPB2) 
Hi2 220020163 2 a BCREWeMACH UehO ,25eINeLG PANeHDePOZI 00000 ORDER BY DESCRIPTION 
H1i3 220000105 4a 14 SCREWeMACH Well ,312eIN@eLG PAN@HDeP OZ! 00000 ORDER By DESCRIPTION 
M44 22000109 8 12 SCREWeMACH Gold ,U3BRINeLG PANeHDePOZI 00000 ORDER BY DESCRIPTION 
445 220000141 8. 2 SCREWeMACH Uelld ,312eINeolLG PANeHDaPOZ] 00000 ORDER BY DESCRIPTION 
(FOR JS) 
H16 220000143 0 a SCREWeMACH Uedd ,37SeINeLG PANenDePO?! 90000 ORDER BY DESCRIPTION 
a7 236000118 4 SCREWeMACH 6932 ,31i2eINeLG PANeHDepO7Z! 00000 ORDER BY DESCRIPTION 
448 236000117 6 2 SCREWeMACH 6032 ,37S5eINolG PANeHDmPOZI 00000 ORDER BY DESCRIPTION 
420 236000197 2 1 SCREWeMACH 6032 375 eINeoLG PANeHDePOZI 00000 ORDER BY DESCRIPTION 
CTOP OF CRT CURVED SHIELD) 
Hal 2360-0203 1 4 SCREWeMACH 6032 ,625eINeLG PANeHDePOZI 00000 ORDER By DESCRIPTION 
Hee 242000001 5 NUTeHEXeW/LKWR Ge32eTHD ,109@INeTHK 00000 ORDER By DESCRIPTION 
Has 251060003 6 13 SCREWeMACH Be32 ,3i2eINelLG PANeHDePOZT 00000 ORDER BY DESCRIPTION 
. CHOLO MAIN DECK TO MP63) 
Hod 251000111 9 { SCREWeMACH 8032 ,75eINeLG PANeHDePOZ! 00000 ORDER By DESCRIPTION 
425 2$10=0137 9 4 SCREWeMACHK Ba32 2, 7SeINolLG PANeHDoPOZI 90000 ORDER By DESCRIPTION 
H26 251000192 6 16 SCREWeMACH Be32 ,2SeINeLG 100 DEG 28480 2510°0192 
WaT 2680°0094 { a SCREWeMACH 10°32 .37SeINOLG PAN@HDoPOZI oco00 ORDER BY DESCRIPTION 
(FOR asCi, ABCEd 
Hae 268000172 { 2 SCPEWoMACH j0032 ,37S5eINeLG 100 DEG 26480 2680°0172 
H29 295000001 8. ry NUTeHEXeDBLeCHAM 8/BaS20eTHD , 09H NoTHK 00000 ORDER BY DESCRIPTION 
430 30500000! { 9 WASHERePL MTLC NO, B ,17?2eINold 28u8G 305ve900! 
N31 30800010 2 1 WASHER@FL MTLC NO, 6 ,SU7eINOID 28480 30800010 
432 308020182 3 3 WASHER@SHLOR NO, B .172°IN@TD ,438eINeOD 28480 3080°0152 
433 305000235 [3 WASHER@FL MILE NO, & ,117eTN@ID 28460 305000235 
43d | 308000791 16 2 INSULATOReX8TR NYLON 28480 3080"0791 
H35 3050«0931 | 6 2 WASHER@FL NM $1 1/6 IN 1,12SeINeID } 28480 305080931 | 
| (FOR ABC1, ABCe) | | 


125600083 
1250-0083 
1250e¢0083 
1250-0083 
125404470 


CONNEC ToRoRE 
CONNEC TOReRE 
CONNECTOR@RE 
CONNECTOR ORE 
CONNECTOR@AC 


ne 
BAC 
ane 
BAC 
Pre 


28480 1250=0083 
125020083 
12500083 
12500083 
125104470 


Oe oe ee ee 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts Model 1615A 


Table 6-1. Replaceable Parts (Cont'd) 


CFOR XF1) 


Reference HP Part ic ae 

cae : Description 

Designation Number {0 
Lt 01611061603 | 4 1 YOKE ASSEMBLY, CRT 28489 01611961603 
MP4 Sodien?35 i 1 i KEYCAP FORMAT SPECIFICATION 28480 S0uLe073S 
MP2 S0dien665 =| 6 i KEYCAP TRACE SPECIFICATION 28486 504160665 
MP3 Sou1eobel 2 i KEYCAP LIST 26480 50U1l"0661 
MPG 5041-0985 7 4 KEYCAP TIMING DIAG 28480 5041-0953 
MPS $041=0954 6 ! KEYCAP CHAN SEO 28480 50410954 
MPO 504400763 5 { KEYCAP AT TRIG WORD 26480 504100763 
MPT? $04100667 8 2 KEYCAP ROLL DISPLAY ARROW 286480 $0d1="0667 
MPS 50U4=0667 8 KEYCAP ROLL DISPLAY ARROW 28480 $041°0667 
MPO $041 =0666 7 1 KEYCAP FIELD SELECT 28480 504100666 
MP10 50049043 4 { KEYCAP D 28480 504100043 
MP14 Sodiegoda 5 1 KEYCAP E 28480 S0ateooaa 
MP2 504100045 6 1 KEYCAP F 28480 5041-0045 
MP1Y 504160040 { { KEYCAP A 28480 5041=0040 
MP1a Souinnodt 2 1 KEYCAP B 28480 S0u1e0041 
MP15 504100042 3 ‘ KEYCAP C 28480 504100042 
MP16 5041=0956 6 1 KEYCAP X DON'T CARE 28480 506100956 
MP1? $001=0682 7 1 KEYCAP 7 28480 8041=0682 
“P18 50d1 09683 8 1 KEYCAP 8 28480 5041-0683 
MP49 Sodten6au 9 1 KEYCAP 9 28480 501-0684 
MP20 5041-0820 5 { KEYCAP DECIMAL POINT 28480 5041=0820 
MP2} 5041-0679 2 1 KEYCAP 4 28460 SOUL e067? 
MP22 504100680 5 i KEYCAP 5 28480 504120680 
MP23 $04100681 6 i KEYCAP 6 28480 S0Gt~0b8) 
MP2u 5041-9685 0 ( KEYCAP 7 26u86 50010085 
MP2s Sodiep6? 8 (9 i) KEYCAP 1 28480 S0ui=0676 
MP26 504100677 0 i KEYCAP 2 28480 $041*0677 
MP2? 5041-0678 | ) KEYCAP 3 28480 50410678 
MP28 504129301 i? i KEYCAP BLANK 28480 S0uLao304 
wpaq Sodiecseo | 1 1 KEYCAP DECR 28480 $041=0660 
MP30 $00429659 8 3=—« 8 1 KEYCAP INCR 26480 5041-0659 
MP3} 504100686 = 1 4 KEYCAP CURSOR ARROW 28480 506100686 
MP32 Boaiagste | KEYCAP CURSOR ARROW 26480 500190686 
MP33 $001~0686 1 KEYCAP CURSOR ARROW 28480 SOu1=0686 
MP34 $041=0686 i KEYCAP CURSOR ARROW 28080 $004-0686 
MP3S5 S00i-0631 6 1 KEYCAP TRACE 28480 $041=0634 
MP36 504100664 5 1 KEYCAP STOP 26480 50G1=0664 
MP3? 037062989 = 3 i KEYCAP LINE POWER SWITCH 28480 037062989 
Mpye 01615000203 | 4 i PANEL, KEYBOARD 2848o 01615800201 
upye O161Se04103 | I { COVER, KEYBOARD, BOTTOM 28480 0161Se04101 
MPaO 0t61S=01201 |b 1 BRACKET, PROBE CONNECT 28480 01615801203 
MPa} Sogo~oSed 2 1 SUPPORT KEYBOARD 28480 50G0°056a 
MPa2 140000547 1 1 CLeLED=MTG 26480 1000805407 
MPGY 140090840 = 4 { RETAINER RING@LED CLIP O,2700IN SERRATED 28480 140000840 
MP4G 01615000208 | 6 { PANEL, INPUT 28480 C161S=00203 
MP45 01615=01202 | 7 | i BRACKET, PC BOARD FRONT 286480 01615-01208 
MPU OLortez4104 | 9 1 SAFETY SHIELD, CRT 28480 Oloiiezdios 
MPG7 01641000602 | § 1 SHIELD, CAT, FLAT 26480 01614200002 
MP4s 016119000601 | 4 1 SHIELD, CRY CURVED 26480 OLeii=o0e0! 
Mpag 140000335 =| § 1 CABLE TIE 1, 7SeDIA .1880enD NYL 28460 140000335 
MPSO 01615000101 | 3 i MAIN DECK 28480 0161590010! 
MPS{ 01615001203 | & 1 BRACKET, LINE SwITCH MOUNTING 26480 OLe1Se01203 
MPS2 01830823201 | 3 { COUPLER, LINE POWER SWITCH 26680 01830023201 
MPS3 01611023701 | 3 | SHAFT, LINE POWER SWITCH 28480 01611023701 
mpSa 01615004103 | 3 i COVER, HPeIB CONNECTOR 28480 01615900103 
MPSS 01615-00204 | 7 1 PANEL, REAR 28480 01615=00204 
MPS6 316000092 Fe i PINGER GUARD 28480 3160=0092 
MPS? O1L61Se2ito: | 7 1 HEAT SINK 26460 0101521101 
MPS8 S04om7201 8 r FOOT STANDARD) 26480 $04007201 
MpS9 §02008805 é 1 FRAME FRONT 26480 02098808 
MP60 Sodoe7202 9 i TRIM, TOP 26480 8040°7202 
MPO] Sooteoaao | 2 TRIM, SIDE 28480 00190440 
P62 506009846 3 i COVER BOTTOM 28480 806099846 
MPOS 502028836 5 4 STRUT CORNER 28480 502008836 
MPOG 5060-9883 8 | COVER SIDE WITH HANDLE 28480 506009863 
MPOS 506069603 2 { STRAP HANDLE ASSEMBLY 26480 $060+9803 
MP66 504007219 |8 i FRONT 286480 5$0a0=7219 
MPO? 8040°7220 i { REAR 26480 $0u0e7220 
MP 68 S020°8806 9 j FRAME REAR 28480 S020=8806 
MP 69 $oo101953) 0 9 { COVER TOP 280480 $061°1983 
MP70 5060-9916 8 | 8 { COVER SIDE PERFORATED 26480 5000°9916 

t = 
MPTy 140000016 = 9 1 | CLAMPeCABLE ,75<DIA ,SenD NvL 28480 | 14000016 
MPT3 0340~08S3 = 0 3 INSULATORwFLG=eBgMS NYLON BLACK 26480 034000853 
| (FOR ADJU8T POTS ON AQ) 
MPT3 | t400"0090 9 i PUSEHOLOER COMPONENT FOR USE ON 280480 1400"0090 
| | 


6-4 


See introduction to this section for ordering information 
*Indicates factary selected value 


Model 1615A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 
Designation 


140000916 
154900325 


504000888 


595194128 a 
712001284 1 
712004184 2 
3 
8 


71206268 
T1200609! 


oe AS em ee 


upas o46¢8594982 | 3 $ 

Qs 185400768 9 2 

a2 185 ac0Tb8 9 

Ry 078700280 i3 

Ro 075700280 3 

RB 075700280 3 

Ru 0687 eu7S1 2 1 

$1 310101720 2 1 

v1 91000ud034 i 1 

Ut 182690221 0 1 

v2 182600147 5 i 

Vi $06101250 9 1 

W141 812001521 6 1 

w2 01611-61602 | 3 1 

w3 01615-61610 |7 2 

w4 01615-61601 6 ] 

WS5 01615-61619 | 6 1 

Ww6 01615-61618 |? 1 

w? 0161Sebh1617 | 4 i 
6 1 
6 { 
7 

Wad 01615861609 | 4 1 

ni2 016185861613 | 0 1 

#13 812002309 0 | 

wy 01615061608 | 3 i 

aS 0161S e61614 | 8 2 

W16 O161Seb16i! 

wa? 01615 ahi b43 

XFIMP1 

XFiMP2 

XFIMP3 


v8 01600061616 
w9 01607=61613 
wi0 01615861610 
8 
1 t 


211000465 8 { 

211000467 0 | 

211009470 5 1 
1 


Description 


CLAMPeCABLE ,25SeDIA .SenWD ABS 
(FOR FAN POWER CABLE) 

CASEmCRYGPVC 14LG 9,25WD 30P 
{FOR ACCESSORIES) 

EXTERNAL, SLIPOON 


LABELsSERIAL NO, 

NAMEPLATE ,312eTNoWD ,SdeINelLG AL 
LABEL@IDENTIFICATION feINenD 2,SeINoLG 
LABEL (ON TRANSFORMER ON 443) 

LABEL, BELOW KEYBOARD 


TRANSISTOR NPN SY POBGOW FTa3mMbzZ 
TRANSISTOR NPN 8T POBOOW FTs3MHz 


RESISTOR 1K 1% 1125W F Tlsdeel00 
RESISTOR 1K 1% ,125W F Tled¢e100 
RESISTOR 1K 1% ,125W F Tleose100 
RESISTOR 47M 10% ,SW CO TCeoelo00 


SWITCH@PB DPOT 4A e50VAC 
TRANSFORMER®POWER PRI8 100/120/220/240 


IC V RGLTR T0200 
IC 7812 V RGLTR TO#e20 


CRT 


CABLE ASSy 18AWG SeCNDCT JGkm JKT 
C8EE SECTION 2 FOR OTHER POWER CORDS) 
CABLE, CRT 
CABLE ASSEMBLY, 5VPS A7 TO Q2 
CABLE, CLOCK PROBE 
CABLE ASSEMBLY, PROBE POD 3 


CABLE ASSEMBLY, PROBE POD 2 
CABLE ASSEMBLY, PROBE POD 1 
CABLE ASSEMBLY, A? TO Ut 
CABLE ASSEMBLY, AY TO U2 
CABLE ASSEMBLY, 5VPS A7 TO Q1 


CABLE ASSEMBLY, SRIOGE Ty TO CR2 AND AB 
CABLE ASSEMBLY, LINW POWER SWITCH 


CABLE, INTERCONNECT A3 TO AS 
CABLE ASSEMBLY, GROUND STRAP, LONG 


CABLE ASSEMBLY, GROUND STRAP, LONG 
CABLE ASSEMBLY, GROUND STRAP, SHORT 


FUBEHOLDER CAP EXTR PST) BAYONET: 20A 
NUTeHEX 1/2028 THD 0,688 AsF 
FUSEHOLDER BODY ExTR P&STy BAYONET? TNO 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


HPCeas 
15agent2§ 
§040e0586 
598191125 
7Ti2gdelase 
Ti2deuiea 
712006268 
7120%6e9! 


oreiSeoai02 


MJE1664 
MJE1661 


Cowl /BoTDelOOlL oF 
Cowl /BaTOPLOOIL oF 
Chel /BaTOel O01 oF 


EBG754 
3101"1726 
910004034 


MC7912CT 
MC7842CP 


§$061=1280 
8120=1521 


01611-61602 
01615-61610 
01615-61601 
01615-61619 


01615-61618 

01615=64617 
0160061616 
01007=61613 
01615861610 


01615"61609 
01615=61613 
812082309 

01615961608 
0161596161! 


O1eiSeelel! 
0161 See1es2 


211000465 
9038070 
345003"010 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Model 1615A 


Reference HP Part ic D ~ 
eer escription Mfr Part Number 
Designation Number {|D P 

01615866801 |§ BOARD ASSEMBLY, STATE DATA ACO, 28480 0161996650! 

016082055 | 9 CAPACITORSFyD ,O1UF +800e20% 100y0C CER 28480 016082055 
aCe 016002085 (9; CAPACITORSFxD ,O1UP #60e20% 100V0C CER 28480 01602055 j 
AiCy 016002055 9 CAPACITOR@FXO ,O1UF o800e20% 100V0C CER 28480 0160-2055 
aiCa 016002058 a CAPACITOR@FXD .o1UF #80020% 100V0C CER 28480 01600208$ 
ayes 016003443 i 1a CAPACITOROFXD ,1UF s800e20% SovOC CER 28480 016003443 
Atle 0169°2058 ¢ CAPACITOR@FXD ,o1UF +800e20% 190¥DC CER 26480 0160°2085 
atc? 016069055 9 CAPACITOR@FXD ,O4UF 980—20% 100V0C CER 28480 0160°2085 
aice 0160°3G43 1 CAPACITOR@FXD ,1UF #80°20% SOVOC CER 28480 0160°3G43 
aic9 016003443 1 CAPACITOPSFXD ,1UF +80°20% SOVOC CER 28480 016093443 
aiCio 016002085 9 CAPACITOR@FXO ,O1UF #800e20% 100¥DC CER 28480 016082055 
ari 016002088 9 CAPACITORGFXO ,O1UF #80620% 100V0C CER 28480 016002055 
AyCi2 0180=0229 7 12 CAPACTTOReFXD 33uUF+—10% 1ov0C TA $6289 1500336x901082 
Arliss 019020229 ? CAPACTTORSFXD 33uFee10x% 10VOC TA 56289 1500336x901082 
aycia 016053043 1 CAPACITOR@PXD .1UF ¢80°20% SOVOC CER 28480 016093403 
aicis 016002055 9 CAPACITOR@FXD ,O1UF 480020% 100VDE CER 26u80 0160°2055 
ailig 016062055 9 CAPACTTORGFXD ,OLUF #80020% 100V¥DC CER 28480 016002055 
ArCa? 016002055 9 CAPACTTORSFXD ,O1UF 4805020% 1o0vDC CER 28480 016002055 
aiCie 016002055 9 CAPACTTORGFXD ,OLUF #80020% 100yvDC CER 284080 016022055 
aicie 016002055 9 CAPACTTORGFXD ,OLUF #80020x% i00yvDC CER 28480 016082085 
41020 0160-2055 9 CAPACTTOROFXD ,O1UF #80020% 100V0C CER 26480 016002058 
arCay 016002088 9 CAPACITORGFXO .O1UF 480020% 100VDC CER 28480 016002055 
ayCoe 016002058 9 CAPACITORSFXO ,O1UF #80020% 100VOC CER 28480 0160°¢2085 
asC2s 01602055 9 CAPACITOR@FXD .o1UF +80"20% 100V0C CER 28480 0160°2055 
aiC2s 0160-2088 9 CAPACITOR@=FXD ,OLUF #80020% 100VDC CER 26480 0160°208§ 
arCag 0160#2055 9 CAPACITOR=FXO .O1UF #80020% 100V0C CER 28480 0160=208$ 
A1C26 0160°2055 9 CAPACITOR@FXD .o1,UF #80°20% 1090V0C CER 28480 0160°2055 
aice? O1ehes0ss 9 CAPACITOR@FXD ,O1UF 480%20% 100V0C CER 26480 016002055 
aic2e 0160<2055 q CAPACITOR@FXD ,OLUF eg050e20% 100V0C CER 20480 016002055 
ayc2e 016002055 9 CAPACTTORSFxD ,o1UF ¢80020% toovDC CER 286480 01602055 
aiC3o 016062055 9 CAPACITORSPXD ,o1UF +800e20% 100V0C CER 28680 016002055 
ayCsy o160°2055 866 9 CAPACITOR@FXD (o1UF #B0"20% 1p0VDC CER 28480 0160°2055 
AC32 016092055 =| 9 CAPACITOReFXD ,O1UF #80020% 100VDC CER 28480 016062055 
aic33 016002055 9 CAPACTTOR@FXD ,O1UP #800e20% 100VDC CER 28480 010002055 
aic34 0159003066 8 i CAPACITOR©FXO 100PF seiot ikvoc CER 26480 Ol gde3aee 
ayC3s O160e3aG5 { CAPACITOR@FXD ,1UF +89°20% SoVOC CER 28480 o1e0e3Gas 
atc36 016003043 i CAPACITORSFXD ,1UF ¢8Ge20% Sovoc ceR 28480 Olede3Ga3 
aics? 016003470 a a CAPACITOR@FXD ,O1UF #80020% Sovoe CER 28480 0160"3470 
aic3s 016003070 a CAPACITORSFXD ,O1UF #80=20% SoVOC CER 28480 016053470 
aic39 016063470 @ CAPACITOR=PXD ,O1UF +860820% Sovoe CER 28480 016003470 
aicée OL0003870 «6 4 CAPACITOR@FXD ,OLUF #80626% SOvVOC CER 28486 016003470 
AyCry 190109535 9 6 DyQDEesCHOTTKY 28480 190100535 
asca2 1901009535 9 DIODE SSCHOTTKY 28480 190100538 
AICRS 190100535 q DIODE SSCHKOTTKY 26480 190190538 

{ i 
ayPy 125100849 | 3 CONNECTOR Q6ePIN M POST TyPE 26480 125104842 
aiP2 12510esS42 0 |? CONNECTOR 26=PIN M POST TyPE 28480 123194542 
AyPs 125104542 kh CONNECTOR 26=PIN M POST TYPE 28480 12Sieasae 
ayy 1853¢0036 = 2 5 TRANSISTOR PNP S$] POm310MW FT eQgoMHE 28480 18$3°0036 
aiQ2 1853-0036 =| 2 TRANSISTOR PNP gt POmSiotw FTe25oMHZ 28480 1853°0036 
\ 

AYR o7S7e028G =? 30 RESISTOR 150 1% ,125W F TCHQee100 24546 Chi /BoTOelSioF 
Ayre 075720282 5 13 RESYSTOR 221 1x ,125W F TCmOs=100 24546 Cun{ sa Oad2i Rok 
ARS 069863046 3 2 RESISTOR 363 1% ,125H F TCBOs~e100 24546 Cowl sa TOeSASRAF 
AiR? 075700280 3 78 RESTSTOR ik 1% ,125W F TO#804=100 24546 Com sal OeO0laF 
ALRG 075760280 3 RESISTOR 1k 1% .125W F 7108040100 24506 Cool /BuTOOlOOLoF 
Ayko. 075720264 ? RESISTOR 150 ix ,125W F TEs0+0100 24846 Chal /BolQoiSiof 
AiRio 075720282 5 RESTSTOR 221 1% ,125W F TCeovel00 24846 Cont /BolTOu22{ Raf 
airy 075700269 ? RESISTOR 150 1x ,125W F TCM0e0e100 24806 COw1 /BoTOal Siok 
ayRi2 075700262 5 RESISTOR 221 1% ,125wW F TCa0s~100 24846 CUwl /GaT0ad2{ Rak 
AtR43 075700282 5 RESISTOR 221 1x ,125W F TCMOee100 24846 Cool /8el 00221 Rak 
aria o7S7e09262 5 RESISTOR 221 1% .1254 F TCao+eio0 24846 Cums sBeTQ~22{RoF 
aAtRig 079720428 1 2 RESISTOR 1,62K 1% ,125N F TOw0+0100 26846 Cowl /BoTOwlegiork 
AIRS6 079720428 i RESISTOR 1,62K 1% ,t25W F TCadsel00 24846 Cul sbaTOele2i oF 
AiRi? 075700418 9 6 RESISTOR 619 1% ,125W F TCeds~el00 248u6 C4ol /geT0enl QReor 
AIRia 075720280 3 RESISTOR 1K 1X ,125W F TC w0e0100 24846 Chol soTOnlO0iaF 
Asai 075720280 3 RESISTOR 1K 1% ,125W F TCed+~=100 24546 | Cunt /BuTOnlO0laF 
ALR20 075700433 8 i RESISTOR 3,32K 1% ,125W F TCRQe0100 248u6 Chai /bofOoS32i oF 
AgRat 075700442 9 13 RESTSTOR 10K 1x ,125w F TCHOeel00 245d6 Cuel/BuT0nl 0020? 
ATR22 075700902 6 4 REStsTOR 120 2% ,125w F TC R04=100 24546 Chwl /BaTOal gies 
AyRay 0698nd157 8615 12 RESISTOR 10K ,1% ,128W F TladeedO 28480 069804157 | 
ayRag o757=0442 89 RESISTOR 10K 1% ,125W F TCso%"100 24846 Chef s8aToriqog=r j 
arRas o7S7eo442 «=| 9 RESTSTOR 10K 1% .125W F TCmote100 2USu6 Cuor/BoT oe QoaeF 
ayRa6 O75T-p4a4 18 4 RESISTOR 8,28K 4% 1280 F TCHote100 24846 Cunt /bnToeb25 yor 
atRar 069895573 i a RESISTOR SoK .8% .125W F TCaoveso0 24546 Cue /bmTOeSgozed 
AtR2e | 069894157 | RESISTOR 10K oi 125W F TCBQeeSo 28480 0e98eui5? | 


See introduction to this section for ordering information 
*Indicates factory selected value 


Model 1615A 


Reference 
Designation 


AYR29 
AIR3O 
AiRS4 
AYR32 
ALRIy 


AYR3q 
ALR35 
AIRBE 
ALR37 
AiR38 


A1R59 
AyRag 
AL R44 
ArRae 
AyRa3 


ayRag 
ALR4aS 
AIR46 
ALRuyT 
A1R4A 


ayRag 
ALRSo 
ARS, 
A1R52 
AyRSs 


ALRS4 
AYRSE 
ALRS6 
41, R57 


AITP1 
A1TP2 
ALTPS 


aiut 
Aiue 
AiU3 
A1Ud 
aus 
H 


A1U6 
a1U7 
A1U8 
ALU9 
A1Uto 


aitii 
ayUya 
&1U13 
atuia 
aquis 


ALUL6 
Aqui? 
aiuis 
a1U49 
A1U20 


ALUat 
AtU22 
A1U23 
A1U26 
A1uas 


A1U26 
A4Ue7 
AiU28 
ayU29 
A1U36 


AUS} 
A1U32 
AyU33 
aqUsa 
AYUSS 


Ay Ute 
AVU37 
aiU36 


A1U39 
A140 


Ayuas 
A1ude 
Aiyua3 
AqUaa 
AqUag 


Dave 


HP Part 
Number 


069804157 
07357=0902 
069856157 
0757e0842 
0757e0442 


o757#9441 
069895573 
069804157 
069404157 
078780902 


009804157 
07S 7e0 dae 
075780442 
07570044} 
069805573 


069804157 
069804157 
07570442 
078700442 
07ST eAG4t 


0698 a5573 
069804457 
069804187 
069804157 
0757-20902 


075700280 
07S 7e9 284 
078700282 
075700282 


0346020836 
036060835 
036020535 


181601092 
181601092 
181601092 
181601092 
181601092 


181601092 
181601092 
181601092 
181601092 
181601092 


£84621992 
181601092 
181661092 
181601092 
181601092 


181601092 
181601335 
182002016 
1520-2010 
181601335 


182002010 
1829-2010 
182001238 
1R2He1 238 
182001475 


162001475 
182001238 
192001238 
182025475 
1R20e1 475 


182001788 
182001788 
182001788 
182001788 
182001399 


182001400 
1A2090802 
182021400 
182000802 
182001400 


182080802 
182002010 
182001425 
182000681 
182001372 


oouenl OO 


-oevonou rune @ 


&eeer &ree & ooo UR UR 8 ot rFURAAAn eooonuwu 


coo~n~ @~ts OO 


eo ooo 


en ed me wmeeenk 


eecer 


vr One 


Qty 


39 


32 


to 


Table 6-1. Replaceable Parts (Cont’d) 


RESISTOR 
RESTSTOR 
RESTSTOR 
RESTSTOR 
RESTSTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESTSTOR 


RESISTOR 


RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESTSTOR 
RESTSTOR 
RESISTOR 
RESIgrTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESTSTOR 
RESTSTOR 
RESTSTOR 
RESISTOR 


TERMINAL 
TERMINAL 
TERMINAL 


IC MEMOR 
IC MEMOR 
1C MEMOR 
iC MEMOR 
IC MEMOR 


iC MEMOR 
IC MEMOR 
iC MEMOR 
IC MEMOR 
IC MEMOR 


iC MEMOR 
IC MEMOR 
iC MEMOR 
IC MEMOR 
IC MEMOR 


IC MEMOR 
Ic TTL $ 


tc TTL $ 


TC MuxRes 
TC MuxRs 
IC CNTR 


IC CNTR 
TC MUXR,s 
IC MUXR, 
Te eCNTR 
Ic CNTR 


TC CNTR 
IC CNTR 
I¢ CNTR 
m¢ CNTP 
Ic FF EC 


IC GATE 
It GATE 


Te GATE & 


IC GATE 
Tc GATE 


Tc GaTe 


IC sCRHMT 
IC GATE 
Ic FF TT 


Description 


10K 
120 
10K 
10K 
10K 


w1% .125n F TC804e50 
2x ,125W F Toes0se100 
oi% 125 F TEw0eeS0 
1% ,125W F TCa0¢~0100 
1x ,125W F TCe040100 


8.28K 1% et2Sw F Toegeei 50 
SOK 5x .125W F 168040100 
10K 1% .125W F TCs04080 
10K 1% ,125W F TCeO+eS6O 
120 2% ,125W F TCmO+~100 


«aw 
avn 


ots .f288 & Teste 
10K 1x ,125W F 708940100 
10K 1% .125W F TCBO+e100 
8,25K 1% ,125W F TC80+0100 
Sox .Sx .12S5Ww F TCw0e~0100 


fu 
on 
W 


10K 1% ,125W F TCeheeSO 
10K 1% ,1250 F TCs040eS0 
10K ty ,125W F TCBO+e100 
10K fy ,125w F TC80e0150 
B,25K 1% ,128W F TCB8Oe0100 


SoK 
10K 
10K 
10K 
120 


25% 125M F Tosheel00 
e1% ,12SW F TCedeeS0 
oix ,125W F TC804e50 
01% .125w F Tle0eeSd 
2x ,125W F TCs0+~e100 


1K 1% 128 F TCe0+e100 

150 1% ,1250 F TCeoee100 
221 1% (125W F TCHOeeto0 
221 1% .125W F TCsoe0100 


TEST POINT PCB 
TEST POINT PCB 
TEST POINT PCB 


Ng 
Y 
Y 
Y 
Y 


Y 
Y 
Y 
Y 
Y 


Y 
Y 
Y 
Y 
Y 


¥ 


256e8TT RAM 110NS 


e56eB1T RAM LIENS 


DATACSEL TTL LS HeTOoetaLINE DUAL 
DATASCSEL TTL LS 4eTOoteLINE OUAL 
TTL S BIN SYNCHRO POSsEDGESTRIG 


TTL $ BIN SYNCHRO POSsEDGEeTRIG 
DATASSEL TTL LS GeTOwieLINE OUAL 
DATASSEL TTL LS WeTOwfeLINE DUAL 
TTL &8 BIN SYNCHRO POSeEDGESTRIG 
TTL S BIN SYNCHRO POS@EDGE@TRIG 


POSeEDGESTRIG 
POSeEDGESTRIG 
BIN SYNCHRO POSeEDGESTRIG 
BIN SYNCHRO POSeEDGE@TRIG 
CLOCK HEX 


BIN SYNCHRO 
BIN SYNCHRO 


ECL 
ECL 
ECL 
ECL 
L DeT¥PE COM 


ANO 
NOR 
AND 
NOR 
AND 


QUAD 
QUAD 
auad 2 
QUAD 
Quad 
NOR @UAd 
TT=TRIG TTL Lg NAND QUAD 2eINp 
TTL S NANO QUAD aeINP 

LS JeK BAR CLEAR DUAL 


07263 
07263 


57203 
07263 
07263 
07263 
O4713 


04713 
ours 
o47i13 
o4713 
64713 


outs 
28480 
01295 
01298 
07263 


Replaceable Parts 


Mfr Part Number 


069804157 
Coal /BaTOet2iaG 
069804157 
Coal sBulT Oat O02eF 
Chel Bal GujOd2eF 


Cue, /8uT 00825 oF 
Ceol /GeT0e8 0029) 
069894157 
069804557 

Cust sBeT0ul2iaG 


O698a415? 

Cool /Sal Onl N020F 
Cael /8aTO0l 002% 
Chol /BalTOub 251 0F 
C401 /BaT0e$0020D 


069804157 
069804157 
Cel /BaTOul 02a 
Chel Bol OelOC2aF 
Coai /BaT0ab251 oF 


Chui Bol 0eSH020D 
0698604157 
0694nut $7 
0698043$7 
Chol sbuTOujaieG 


Coal sBolOolhbier 
Chat Bol Oai Siok 

Chal /BalT0ud2{ Rul 
Chal SBaTOm2 Qi Rak 


ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 


184601092 
161601092 
181601092 
181601092 
181601092 
1 


181601092 
181601092 
181601092 
181601092 
181601092 


181601092 
1816°1092 
181601092 
181601092 
181601092 


181601092 
MCM101S2, 
182602010 
1820~"2010 
MCM101S52L 


182002019 
1820=2010 
SN74L8253N 
SN74LS253N 
938160¢ 


938160C 
SN74LS253N 
SN7GL8253N 
938160C 
93816DC 


FidGied 

F10016DC 
F10016DC 
F100160C 
MCLOL7OP 


MC1010uP 
Me10102P 
MC10108P 
MC10102P 
MC10104P 


Me101029 
1820"2010 
SN7UL@13eN 
SN74800N 
7481090C 


See introduction to this section for ordering information 
*Indicates factory selected value 


Model] 16415A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Reference HP Part j[c — Mfr 
: : at Description Mfr Part Number 
Designation | Number |° y P Code 
ALUG® 18200809 8 7 TC RCVR ECL LINE RCVR GUAD 2eINP ou713 MCLOLISP 
aA1Ua? 162000809 & fC RCVR ECL LINE RCVR QUAD 20INP ou713 MC1OLI5P 
Atay 18200809 8 IC RCVR ECL LINE RCVR GUAD 2eINP ou7i3 MCLOLISP 
aruge 182620899 8 TC ROVR ECL LINE RCVR GUAD 2eiNe 0o7135 MCLOLISP j 
atuSo 182020809 6 Ic RCVR ECL LINE RCVR GUAD 2eINP ou7i3 MO104195P 
A1US4 182000809 8 TC rCyr ECL LINE RCVR QUAD 2aINP 04713 mCLOL1SP 
atus2 182001399 3 IC FF ECL OeTYPE COM CLOCK HEX ou713 MCLOL7OP 
A{US3 182001399 3 IC FF CL DeTYPE COM CLOCK HEX ou713 MCLOL TOP 
atusa 182001399 3 TC FF ECL OeTYPE COM CLOCK HEX ourL3 MC10176P 
ALUSS 162001399 3 tc FF ECL OeTYPE COM CLOCK HEX ou7sy MCLOL7OP 
A1USe 182001173 1 t IC XLTP ECL TTLeTOPECL QUAD 2eINP 0713 MCLO120L 
ayUg7 182600524 6 2 IC OP AMP GP QUAD {6eD1P oP 27014 LM32qAN 
a1use 162600524 6 IC OP AMP GP QUAD 1GeDI pop 27014 LM32GAN 
atus9 181080273 9 26 NETWORKeRES 100$I1P470,0 OHM x 9 01121 2100071 
ALUe0 181000273 9 NETWORK@RES 1009IP470,0 OHM x 9 oie? 210A074 
aiUe4 181000273 9 NETWORKeRES 10081P470,0 OHM X 9 o1las Z10AGTS 
ALVO2 141000273 9 NETWORKeRES 10=$1P470,0 OMM X 9 o1ial 210AaT7} 
A1U63 1810-0273 9 NETWORK@RES 102$IP470,0 OHM xX 9 o1t2t 210Aart 
A1Ued 1810-0273 9 NETWORKeRES 100gI#G70,0 ONM X 9 o1ret 210A07) 
ALU6S 181000273 \° NETWORKRES 10082P470,0 OHM X 9 o112i 2toaa7y 
A1Ub6 1810°0273 9 NETHORK@RES 100SIP470,0 OHM X 9 o1iet 210aur! 
a1Uoy 1810-0273 9 NETWORKeRES 1008IP470,0 OHM x 9 ota! 210A07] 
AyXUY? 1200=0607 0 19 SOCKETeIC 16@CONT DIPeSLDR 28480 120000607 
aixXua9 12000607 0 SOCKETeIC 16eCONT DIP@SLOR 28480 1200%0607 
a2 01615=66502 | 6 { BOARD ASSEMBLY, TRIGGER AND CLOCK 28480 01615966502 
agci 018900229 7 CAPACTTORGFxD 33UFee10% 1ovOC TA 50289 1500330x%01082 
aace 618900229 =? CAPACTTORSFXD B3uFeeiox 10V0C TA 56289 1500330x901082 
Aacs 016002085 (9 CAPACITOREFXD ,O1UF 4800e20% to00yvDe CER 28480 016002055 
aaca 016002200 «16 4 CAPACITOReFXD y3PF +eSK 300VDE MICA 26480 016062200 
aocs O16093GG6 = 1 CAPACITORSFxD 220PF +e1f0% 1KVOC CER 28480 1160030d6 
A2Ce OLsoe2200 6 CAPACTTORGFXD U3°F 408% 300V0C MICA 28480 | 01602200 
aac? 0149990192 i§ 3 CAPACITOR@FXD 48PF 98% 300VDC MICA 72136 DM SEGBOJOROONVICR 
aace 014920198 = 5 2 CAPACTTOR@FXO 290PF te$X SooVOC MICA 72136 DM1SFeoiJos0ONVICR 
aoce 049090192 =| 9 CAPACITOR@FXD gaPF te3X% 300VDC MICA 72136 OM; SESBOJOZOOWVICR 
a2cio 010000198 5 CAPACITOR@FXD 200PF o05X% 3OOVDE MICA 72136 OMI SF20LJOJOONVICR 
A2C1{ 016002055 i9 CAPACITOReFXD [O1UF 4800202 100VDE CER 28680 016002055 
a2ci2 01605¢2085 =| 9 CAPACTTOROFXO ,OLUF #80020% 100V0C CER 28480 0160=2085 
A2C13 016002085 | 9 CAPACTTOR@FXD ,OLUF #80~20% 100V0C CER 28480 016002085 
aacia 016002200 6 CAPACTTOReFXO S3PF +e5% 300VDC MICA 26080 016002200 
A2ciS 160021968 =f 9 CAPACITOR©FXD 20PF eeSX 3oovoe MICA 28080 016002198 
Aocig 014900192 9 CAPACITORGFXD g8PF o0S% 3OQVOC MICA 72136 OM1 SEBO OSOONVICR 
aati? 016002058 9 CAPACITORSF XD ,o1UF +80020% 100v0C CER 28480 016002085 
aocis 016002055 9 CAPACITOR]FXD ,O1UF +80020% 100V0C CER 28480 016002055 
aatie 016002198 i CAPACITORSFXD 20°F geSx 300V0C MICA 26080 016002198 
a2tas 016062088 9 CAPACTTORGFXD ,O1UF #800e2any ioovOc CER 28480 016082055 
a2cay 016002055 9 CAPACITORSFXO ,O1UF ¢80020% 100VDC CER 28480 016002055 
Aac2a 016062055 Be CAPACITORGFXD ,o1UF +80020% to0v0C CER 28480 016002055 
Actas 016092055 9 CAPACITORSFXD (Q1UF +80020% 100VDC CER 28480 0160=2055 
Aacau 016002085 9 CAPACITORGFXD (O1UF +80e20% 100V0C CER 28480 016002055 
dates 016003847 5 6 CAPACITORSFXD A7OPF vefOX% 1{KVOE CER 28480 016003007 
a2cag 016003447 5 CAPACITOR@FXD G70PF ¢e10% 1KVDOC CER 286480 0160-3447 
a2ca? 016003847 5 CAPACITOR@FXO U7OPF +ue10% IKVDC CER 28480 016083447 
aoces 0160034847 =| § CAPACITOR®FXD G70PF +-10% 1KVDC CER 28480 016003447 
aacae 016093447 =| § CAPACITORSFXO 470PF +010% I1KVDC CER 28480 OLe0~03ad? 
A2c3o 016002204 0 4 CAPACITORGFXD 100PF eSx 300VDC MICA 28480 0160e24a04 
aacss 01602055 \ CAPACITOR@FXD .o1UF #80"20% 100V0C CER 28486 01602055 
aoC32 01602058 9 CAPACITOR@FXD ,oOLUF +80°20% 190VDC CER 26480 0160"205$ 
aecss 016002085 q CAPACITOReFXD ,O1UP 480020% 100V0C CER 28480 016062055 
Aacya 016002055 9 CAPACTTOROPXD OUP $80020% s00VOC CER 28480 0160°2085 
a2c3s 016022085 9 CAPACTTOROFXD ,O1UF #80020% 100V0C CER 28480 016002055 
Aal3g 016062085 9 CAPACTTOR@FXD ,O1UF 480020% 100V0C CER 264580 016002055 
aacy? 016002085 }9 CAPACITORGFXD ,O1UF +80020% 100VDC CER 28480 016002055 
agcry 190100535 9 DIODE SSCHOTIKY 28480 1901=0835 
AQCRa 1901e0535 =| 9 DIODE eSCHOTTKY 28480 190160535 
AQCRy 190100535 8 OTODEa SCHOTTKY 28480 190460538 
a2ei 0161581301 | § s JUMPER CLIP, OSA 20480 OLo1Swalsos 
Addi t2000e0075 = 0 9 CONNECTORaSGL CONT SKT ,OtbuINaBSlug7 28480 1200-0475 
t i H 
AgRy 075700280 = 3 RESISTOR 4K 1% (12S F Tlmdeet00 26546 Coal sBaT Ons O0loF 
Aare 0737-0029) = 2 2 RESTSTOR 1,82K 4% ,125W F TCwQs~100 24546 Chal /BalT Daf S2ink 
AQrs 07879280020 3 RESISTOR 1K 1% (1250 F TCmoee0s00 248u6 Chel sBoT0u$ 00 aF 
Agra O7S7e92800=— 3 RESISTOR 1K 1% (:25W F TCm0e0100 2u8d6 Chal sBaT Gal 001aF | 
AgRrs | O7TS7eptas = =z 24846 Chal bol al B2leF | 


| RESYSTOM 1,82K 3% 128 F TCwoeni00 | 


See introduction to this section for ordering information 
*Indicates factory selected value 


Model 1615A Replaceable Parts 


Table 6-1. Replaceable Parts (Cont'd) 


Reference HP Part 


Description Mfr Part Number 


Designation | Number 


075700410 1 RESISTOR 301 1% ,125W F TCmO+e160 24546 Caml /BaTOw30{ Raf 
075720410 i RESISTOR 301 1x ,125W F TCsOeel00 PubSub Coal /8aT 00301 RoF 
O7S7e0416 t RESISTOR 30% iy ,125W F TEsdsoto0 24846 Coal Bol 0o301 Raf 
Aare 07870010 1 RESISTOR 303 1% ,1285W F TCs0s0100 2u5de Cuwi /Bal 00301 ROF 
A2Rio 210003351 6 RESISTORSTRMR Soo 10% C SIDEeAD] 1eTRN 28480 2100=3351 
aeRiy 210003351 6 RESISTOReTRMR Soo {0% C SIDEeADY 1eTRN 28480 2100-3381 
A2Rye 210003381 6 RESTSTOReTRMR SOO 10% C SIOESADJ LeaTRN 28480 210083351 
A2R{3 2100033514 6 RESTSTOReIRMR S00 30% C SIDEeADJ Je TRN 26480 210003351 
aakya 078700407 6 14 RESISTOR 200 1% ,1285W F TCsote100 245h6 Chel /BoT0m201 oF 
AaRi15 07S7=0407 6 RESISTOR 200 1% ,125W F TCeosein0 2486 Cae /8eTO@2oieF 
A2R16 07570407 6 RESISTOR 260 ix ,125W F TCHGeetos 24566 | Chet /BoToa20taF 
AQR47 075760407 6 RESISTOR 200 1% ,125W F TCadeei09 24846 Chai /BuTOa20iaF 
AaRi8 078720407 6 RESISTOR 200 1% ,125W F TCeO+9100 2us46 Chal /Buf0wdl {oF 
AoRie 078720407 6 RESISTOR 200 1% ,125W F TCROeiNd 24546 Chat /BuTOm201 oF 
A2R20 075720407 6 RESISTOR 200 1% ,125W F TCBO+e100 24846 Coal /BwTOw201 af 
AgRey 075% e407 6 RESISTOR 200 1% ,125W F TCaOsei00 24546 Chal /Bal0a201 oF 
A2Rea 075700284 ? RESISTOR 150 1% ,125" F TCBO+e100 24846 Chal /BaT00{ Siok 
AaRay O7S%eAZkS 7 RESISTOR 150 1x ,125W F TCso+e}00 2asae Chal /BaT0al Sl oF 
AgR2a 07S7e0284 7 RESISTOR 150 1% ,125" F TCso+50ine 24846 Chol /BoT0m1 Si oF 
aaRes 075700280 3 RESISTOR 1K $% L12SW F TC80e0e!00 24846 Chai /BaT0HLO01aF 
M2R26 075700810 1 RESISTOR 301 1% ,125% F TCe0+e100 24546 Chol /QwTOSSOIRMF 
A2Re?7 07S 790410 1 RESISTOR 301 1% ,125W F TCRO+~100 24sde Coal /aeT0eSO1 Ref 
AaRres 075700280 3 RESTSTOR 1k 1% ,125W F TCs0+~100 24s46 Chel /Be TOL OOLoF 
AgR29 075700280 3 RESISTOR 1K 1% L125 F TCs04e100 24546 Ceol sBaTOmlO0iaF 
AaR3o 075700419 0 5 RESISTOR 681 1% ,125W F TEsose100 24Sd6 Chal /BoT 00681 Rok 
AaR3y OTS? 90419 ') RESISTOR 681 1% 4125" F TCmo+e{00 24846 Cdn{ /BoT0 2681 Rok 
AaRya 078790416 ? 7 RESISTOR Sit 4% .125W F TCade~1 00 24546 Cdo{ /BoT 0081 {Ref 
A2R35 OTS 7e0uts 9 RESTSTOR 619 1% ,125W F TCe0+~100 24846 Chol /Be T0061 ORaF 
MaRteo 075700274 5 { RESISTOR ¢,21K 1% ,825W F TCeOee100 24546 Chel sBel Onl 2iseF 
AaR37 0698 e008? 7 3 RESISTOR ued 1% ,125W F TOsoseine 24846 Cont /BaT0ehb40eF 
A2R38 06980084 9 3 RESTSTOR 2,15K 1% ,125W F TCEO+e100 24546 Chal /BuT0e21SieF 
AaRr3e 06980315) 7 3 RESrsTcR 2,87K 1% ,t25w F TOsOsei00 24546 Cowl /BoT0ag87 i of 
AaRdo 069860082 ? RESISToR 464 1x ,125w F TCB0+9100 24846 Chet /BuT ah bdok 
a2Ras 075700284 ? RESISTOR 150 1% .125W F TEBOse100 248u6 Chel /BaT0alSioF 
a2Rae 069850082 7 RESISTOR 464 1% ,125W F TOe04a300 20846 Coot shat 0ehbddek 
AaRay 075700280 3 RESISTOR 1K 1% ,125W F TCeGeoton 24546 Coat s/BaTOmtOOleF 
AaRag O7S7e0414 5 3 RESISTOR 432 1x .125" F TCs0+—100 24346 Coat /BaT00d32RoF 
aakas 07S%eQba1 4 1 RESISTOR 625 1% .125" F TCs0+"100 24546 Cuny sBaTQekggReF 
A2Rd6 075720280 3 RESISTOR 1k 1% ,125Ww F TCs0e—100 24546 Cdl /BaT Onl OOLoF 
AaRa? 075700394 0 a REsisrOrm 1,1 1x .125w F TC#O+0100 24846 Chat sBeT0eSIRI SF 
AgRas 07870346 2 a RESISTOR 30 1% .1250 F TCa0te100 24846 Chol /BaT al QROoF 
AaRag OTS 7 e047 6 RESTSTOR 200 1% ,12SW F TC2#0s-100 24866 Chel /BeTOedO oF 
AaRs, OTS 70418 9 RESISTOR 619 1% ,125H F TEsOs~i00 24546 Chal /Bul 0061 ORoF 
4eRSe o7S7eo286 3 RESTEeTOR «Kk ty 21258 F Tésoeri6e 24Gb Chat sal Gal ONL aF 
ADRS 075720280 3 RESISTOR {1K 1% ,125W F TCaoe~100 24846 Chal /MaT0alOOieF 
A2RSa 078700346 2 RESISTOR 10 1% ,125W F TCsoee100 24546 Chal /BwT Gai QROot 
AQRSS O75 7e0346 2 RESISTOR to 1% .125W F TCB0ee100 24S46 Chel sBeT0e{OR0eF 
AaRSe 075700284 ? RESISTOR 150 1% ,125W F TCaO+~100 24846 Cho{s8aT0a1 Si oF 
MaRS? O75 7002484 7 RESISTOR 150 1% .125W F TEs0+e100 24$46 Cuwl /BuTOelSiok 
aarsa 075700403 2 2 RESTSTOR 121 1% .125W F TCB0e0e100 24846 Chel /BolOuf Qt rol 
&2R59 075700403 2 RESISTOR 121 1% ,125W F TCeds~e100 24846 Chal sBelOul2iReoFk 
A2Rb0 075700284 7 RESISTOR 150 1x ,125w F TC80e~100 24846 Chet sal 00l 51 of 
AoRoi 075700280 3 RESISTOR 1K 1% (1250 F TEsOse100 248546 Chet /BaT0ef001eF 
A2R62 075700280 3 RESTSTOR 1K 1% .1a5N F Tle0+e100 24546 Chef Ban OOler 
AaRb3 078700280 3 RESISTOR 1K 1% ,125W F TCB0+0100 24846 Chal /BaTOelA0Lef 
AaRea 075700280 3 RESISTOR 1K 1% ,1288 F 168040100 24546 Chap sBe0el 001? 
A2Res 075700280 3 RESISTOR 1K 1% ,125W F TCeO+e100 24846 Chal /BaTOal001eF 
A2RO6 675720280 3 RESISTOR 1K 1% ,125W F TEadee~100 20846 Chef /BoTOHL O01 HF 
AQRO? 078730280 3 RESISTOR 1K 1% ,125W F TO8040100 24546 Chal Be TOeL O01 oF 
MQREs 075700280 3 RESISTOR 1k 1% ,128W F TC#0se100 24846 Chal /BeTOelOOieF 
AaRod O75Te0410 { RESISTOR 301 1% ,125W F TCeOse100 24846 Chal /BeT0a3d1 Roof 
A2R79 078 7e9410 1 RESISTOR 301 1% .125W F TCs0+e100 24846 Chal /BoTOeS01RoF 
AOTPY 125102229 3 4 CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 28480 125192229 
1251-4045 5 4 SOCKET-GROUND SPRING STEEL, 0.190 IN ID 28480 125194048 
A2TP2 125122229 3 CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 28480 125162229 
125104045 5 SOCKET-GROUND SPRING STEEL, 0.190 IN ID 28480 125104045 
A2TPS 125162229 3 CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 28480 128102229 
125104045 5 SOCKET-GROUND SPRING STEEL, 0.190 IN ID 28480 128104048 
AoTPu 125102229 3 CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 26480 125102229 
i | te84=6685 {35 i SOCKET-GROUND SPRING STEEL, 0.190 IN ID + 2as8o | s28¢e4o4s | 
aoTes | 636090835 10 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
A2T?o 036000535 te) TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AoTP? 036000535 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 


1820°9809 
1820°1173 
182001433 
182001217 
182001994 


TC RCVR ECL LINE RCOVR QUAD 2=fNP o8713 MC1019S8? 
TC XLTR ECL TTLeTOwECL QUAD QeTNP oc713 MC1OL20L 
TC SHFeRGTR TTL LS ReS SERTAL@IN PRLSOUT 01298 SN7GL8164N 
IC MUXR/DATACSEL TTL LS SeTOep aL INE oL295 SN7GL9154N 


—& ome @ 


TC CNTR TYL LS DECO DUAL deBIT 01295 SN7ULSS9ON 


See introduction to this section for ordering information 
*Indicates factory selected value 


6-9 


Replaceable Paris 


AgUe 18200199} 1 IC CNTR TTL LS DECO DUAL 4eBIT? SNTGLS390N 
aau? 182021991 i IC CNTR TTL LS DECO DUAL 4oBIT SNTULS390N 
Agus 18200686 9 IC GATE TTL S AND TPL 3efNP SN7USLIN 
aaug 182001475 6 TC CNTR TTYL $ BEN SYNCHRO POSeFDGE TRIG $38160C | 
A2Ui0 182001430 3 20 IC CNTR TTL LS BIN SYNCHRO POSefDGEeTRIG 01298 SNTULS{OLAN | 
aouis 182001430 3 ITC CNTR TTL LS BIN SYNCHRO POSMEDGESTRIG 01295 SN7ULS{61AN 
a2ui2 1820=1430 3 IC CNTR TTL L$ BIN SYNCHRO POS@EDGE TRIG 01295 SN74GLS16O1LAN 
Aaui3 182001475 6 IC CNTR TTL $ BIN SYNCHRO POSeEDGE@TRIG 07263 938160C 
aguia 182001225 4 3 Tc FF ECL DeM/§ DUAL O4713 MC10234" 
aquis 182001225 4 Tc FF ECL DeM/§ fuUAL O4T13 MC10231P 
A2UI6 18202010 ’ Ic 28480 182002010 
Agu? 182000683 6 | IC INV TTL g HEx teINp 04295 SN74U804N 
A2ut8 182001992 2 1 IC CNTR TTL LS DECD 4eBIT 34335 AMQSLS160PC 
aaui9 182001158 2 3 IC GATE TTL $ ANDwOReINY DUAL eINP 01295 SN74SS{N 
a2u20 142000693 48 ? IC FF TTL $ DeTyPE POSsEDGE«TRIG 01295 SN74874N 
agua 18200069! 6 2 TC GATE TTL $ AND@ORSINY 01295 SN7486UN 
a2u2a 182001433 6 IC SHFRGTR TTL L9 ReS SERIAL©IN PRL|OUT 91295 SNTULS164N 
aguay 182001433 6 IC SHF@RGTR TTL L$ Re$ SERIAL@IN PRL@OUT 01295 SN7ULSS64N 
aau2a 182001433 6 TC SHFeRGTR TTL L$ ReS SERTALSIN PRLSOUT 91295 SNTULSIGUN 
a2las 182001730 6 5 IC FF YTL LS OeTYPE POS@EDGESTRIG COM 01295 SN7TGLS273N 
A226 182000817 8 6 IC FF ECL SeM/§ DUAL Ou7ty MC10131P 
Ava? 182002010 ? IC 28480 182062010 
a2u2e 162001173) 1 IC XLTR ECL TTLeTOWECL QUAD 2eatNP OuT13 MCLO120L 
agua9 1620-0691 6 IC GATE TTL $ ANDSOR@INY 01298 SN74864N 
A2us0 182000691 6 IC GATE TTL $ AND@OR@INY 01298 SN7TUSGUN 
aau3t 182000681 4 IC GATE TTL $ NANO QUAD 20INP 01298 SN7&S00N 
AQu32 182001074 { 2 IC DRVR TTL NOR QUAD 2eINP 01295 SN7U428N 
a2u3s 182001158 2 TC GATE TTL $ AND@OR@INV DUAL 2eINP 01298 SN7U8S1N 
AQU3Q 182001372 2 IC FF TTL § Jek BAR CLEAR DUAL 07263 74g9t090C 
AQU35 182001825 = 6 IC SCHMITTeTRIG TTL L8 NAND QUAD 2eaINP 01295 BN7ELS132N i 
A2U36 182020641 6 TC GATE TTL @ AND@ORMINY 0129s 8N74860N 
AQu37 1820010489 a t IC GATE TTL 8 OR GUAD QuINP 0129s SN74832N 
aguga 182000693 8 IC FF TTL § DeTyPE POgeEDGE=TRIG 01295 SN7GQ7QN 
Aause 182001831 8 i TC GATE ECL OR QUAD 2eINP ou713 MCLOLO3L | 
Avan 182001946 6 2 1C GATE ECL CUAL o4743 MCLOLAITL i 
agua; 142061320 0 1 IC ACVR ECL LINE RCVR TPL Qe INP o47s3 MCLOZ16L 
Aguae 1820*080a i IC GATE ECL NOR QUAD gerNP o47L3 MCroLoa? 
Aguas 182001173 t IC XLTR ECL TYLeTOeECL QUAD Qa ENP oG713 MC1O12aL 
A2uaa 182000694! 6 TC GATE TTL §$ ANODeOReINY 01298 SN74864UN 
Aguas 182000691 r IC GATE TTL §$ ANDwOR@INY 01295 SNTUSGUN j 
A2ude 18200065! ¢ | TC GAYE TTL § ANDeORINY 01295 SN7UG6QN | 
i | ; 
Agua? 182001322 2) 1 IC GATE TTL $8 NOR QUAD Qa NP 01298 8N7a802N i 
AQue— 182000629 0 2 IC FF TTL $ Jek NEGREDGESIRIG 01295 SN748112N | 
A2ua9 182000682 =| § 1 TC GAYE TTL § NAND QUAD 20Inp 01295 ON74903N i 
A2uso 182000081 =| 4 IC GATE TTL 8 NAND QUAD ZeINP 01295 8N74S00N 
ADUS! 182001201 & 3 I¢ GATE TTL LS AND QUAD 20INP 01295 SNTULBO8N | 
j i 
Aause 1820-1425 le | IC SCHMITTSTAIG TTL LB NAND GUAD 2auINP 01295 §N7GL8132N i 
AgUS3 182001918 = 2 a TC BFR TTL LO LINE ORVR OCTL 01298 ONTULBAGIN 
Agusa 18t00e0273 9 NETWORKeRES 10082P470,0 OHM X 9 o1set 210A074 | 
A2QUSS 18i0=0273 =| 9 NETWORK@RES 10082P470,0 OHM x 9 o1ses 210AG71 
A2US6 18ioeor73s) = 9 NETWORKeRES [0eQ@3P470,0 OHM x ¢ oil 210A071 
AQus? 1814000273 is NETWORK@RES {0°8TP470,0 CHM X 9 oliai 21oaary | 
AQVR) 1902-23070 5 2 DIODESZNR 4,22y Sx DOW97 PDe, dw TCen, 038% 28480 190203070 
A2vRe 190283070 8 DIODESZNR G,22y Sx DOe97 PDs. dw Tlee, 038% 26480 190203070 | 
agxkusa 1200°0607 60 BOCKETeIC 160CONT DIPwSLDR 28u8o 1200%0607 
AgXU1S 120020607 l3 | | SOCKET@IC 160CONT DIPRBLOR 28480 | 120000607 | 
Aaxu2s 1200°0607 () SOCKETeIC LoeCONT DIPeSLOR 28460 | 1200=0607 1 
a2y) 041601032 [| i CRYBSTALSGUARTZ 29,00000 MHZ | 28480 | 04100032 | 
Ay 01615=66503 | 7 t BOARD ASSEMBLY, MEMORY 28480 01615=66503 
A3C1 016002200 6 CAPACITORSFXD UgPF 405¥ 300VDC MICA 28480 016002200 
azce 0160-2198 1 CAPACITOR|F XD 2oPF +#SX SoovOC MICA 28480 016002198 
A3C3 016002198 i CAPACTTORSFXD 2OPF +e5¥ 3OOVOE MICA 28480 016052198 
ayCa 018080229 7 CAPACIYORSFXD S3UPsei0x% LOVOC TA $0289 150D336Xx901082 
a3xcs 016003802 6 { CAPACITORGFXD 18OPF eelOx 100VDC CER 28080 016003802 
aslo 0160=2085 9 CAPACTTOROFXD ,qiUF #80"20% to0V0C CER 284080 016092085 
A3xC? 016002055 9 CAPACITORSFXO ,OLUF 280020% 100V0C CER 26480 0160°205$ 
a3Ca 016062085 9 CAPACITORGFXD .O1UF 480020% to0VOC CER 28480 0160=2088 
a3xcg 016002055 | 9 | CAPACTTOR@FXD ,O1UF 480e20% 1oovOe CER 28480 016002055 
A3C10 016002085 le CAPACITOR@FXO ,OLUF #80020% 100V0C CER | 26486 016002055 
AxCyy 616002085 (9 CAPACITOR@FXD ,oL1UF ¢80620% 190v0C CER 28480 016002055 
asCi2 016002088 (9 CAPACTTORGFXYD ,oLuF ¢80020% 100V0C CER 28480 0100°2055 
ascry 016002088 (9 CAPACITORGFXD ,O1UF #800208 i00v0C CER 28480 O1b0e208§ | 
AxCia 016002058 (9 CAPACTTOR=PXD ,o1uF #800e20% 100V0C CER 28489 016002055 
016052055 19 CAPACITOROFXD ,OLUF #800208 idovor CER 264080 0160=2058 
! | 
| | a oo | 
j I a ne 


Reference 
Designation 


HP Part 
Number 


Table 6-1. Replaceable Parts (Cont’d) 


Description 


Model 16415A 


See introduction to tnis section for orderirg a 
*Indicates factory selected value 


Model 1615A Replaceable Parts 


Table 6-1. Replaceable Parts (Cont'd) 


Reference HP Part jc D a 
: : escription 
Designation Number {0 P 

016002085 9 CAPACTTORGFXD O1UF e80~e20% 100V0C CER 016002055 
016002085 9 CAPACTTORGFYXD .O1UF #80020% 100yDC CER 016002055 
0146002085 9 CAPACITOReFXD .O1UF ¢80020% 100yDC CER 016002088 

axyci@ | 016002055 |9 CAPACTTORSFPXD .OLUF +80020% 100VDE CER 28480 | 0160502055 

ASEY 0161Se81301 | 5 JUMPER CLIP, OSA 28480 01615081304 

AYE2 01615981301 | 5 JUMPER CLIP, OSA 28480 0161568130! 

asd, 120000475 0 CONNECTOR@SGL CONT SKT (O160INwBSCu8Z 28480 1200-0875 

ASRI 078709418 9 RESISTOR 619 1% ,125W F TCe0e"100 24546 C401 /8aT 0061 IROF 

A3Re O78 7ed4i6 ? RESISTOR Sit 1% ,125W F TCede~l00 24846 Chal bal 0eS1 1 Raf 

7; a3k3 668808711 8 7 RESZSTOR APO fox , 28a FO TleedNOse406 ori]: eparit 

ASRG 06983151 ? RESISTOR 2,47K 1% ,125W F TC8Oe"100 24846 Coal /BaT0e287 oF 

A3RS 069800084 9 RESISTOR 2,15K 1% 1254 F TCe0e0100 24546 Cool sul 0e2{51 oF 

ARE 069803458) 7 RESTSTOR 2,874 1% ,125w F TC BOse100 e4sde CUet /BaT0e287 1 0F 

Agr? 069800084 9 RESISTOR 2,15K 1% ,125W F TC8Os0100 24846 Cowl /BuTOa2i Siok 

AZRB 0698 a3846 3 RESISTOR $83 1% .125w F TC80+0100 24846 Chal /BoTOeSS3RoFk 

AsRia 075700280 3 RESISTOR 4K 1% .125w F TCBO+100 24846 Chol Belo O01 oF 

ASRS 068004711 a RESISTOR 470 fox ,25W FC TCweeh00/+600 ortal CBart 

agRia 0757202480 3 RESTSTOR 1K 1% .125W F TCade~100 24846 Chal /BaTOeLOOl oF 

A3R15 0698~3381 5 1 RESISTOR 150 Sx ,125W COC PCa~330/4800 o1tat B81515 

A3R16 07372039058 i t RESISTOR S6,2 1% ,125W F TCadset00 augue Cool /haTOeSOReaoF 

A3Ri7 o7S7e0416 7 RESISTOR $11 1% o12SW F TCegs"100 24846 Chop sBoTOe$1 {Rok 

AsRia 078700280 3 RESISTOR 1K 1% .125W F TOeO0e=100 24846 Caml /eoldolO0lat 

ASRi¢ 078700280 3 RESTSTOR 1K 1% ,125w F TOede0100 24s46 Choi Bohai OO1aF 

A3R20 078700280 3 RESISTOR 1k 1% ,125W F rCedeoiQg 24546 Coat /BalOolOdioaf 

ASR21 078700280 3 RESTSTOR 1K 1% ,125W F TCs0e~100 24846 Chat Bol 0ul Olaf 

As3Ra2 07S720289 3 RESISTOR 1K 1% ,125W F TCa0e~e100 24sd6 Chol Bo 001001 af 

AgRa3 078780280 3 RESISTOR 1K 1% ,125W F TCa0+~100 24846 Chal sBuTOelO0l al 

AgRag 075720280 3 RESTSTOR 1K 1% (325 F TCe0+et00 24846 Cool sBulOel001eF 

AgRQS 078700410 { RESISTOR 301 1% ,125W F TC80tel00 2u546 Coal /BoT0a301{ Rak 

ASTPY 036000535 0 TERMINAL TEST POINT PCB 06000 ORDER BY DESCRIPTION 

alteo 0360-0535 49 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 

ASUt 181601092 4 IC MEMORY 28486 18161092 

Agua 181601092 4 IC MEMORY 28486 181601092 

Asus 181601092 4 IC MEMORY 28480 181601092 

Agua 191601092 4 (C MEMORY 28480 1816901092 

AtUS 182001210 7 a IC GATE TTL LS AND*OR@INV DUAL 2eINP 01295 SN74L8SIN 

AsUS 182000681 a TC GATE TTL S NAND QUAD 2eINP 01295 SN7US00N 

Ayu? 182001158 2 IC GATE YTL S ANDeOReINV DUAL auINP 01295 SN74SS1N 

asus 182001436 3 IC CNTR TTL LS RIN SYNCHRO POSeEDGES TRIG 01295 SN74LS161AN 

ayxu9 182001430 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGES TRIG 01295 SN74LSIGLAN 

ABULO 182001430 3 IC CNTR TTL LS BIN SYNCHRO POS@EDGESTRIG 01295 SN7ULS{61AN 

AZUL 1920-1430 3 IC CNTR TYL LS BIN SYNCHRO POS@EDGETRIG 01295 SN7ULS1614N 

agsut2 182001430 3 IC CNTR TTL LS BIN SYNCHRO POS#EDGESTRIG 01295 SN74LS161AN 

Asus 181601092 4 IC MEMORY 28480 181661092 

AwULG 181601092 4 IC MEMORY 28480 181691092 

ASUYS 181601092 a IC MEMORY 28480 181601092 

ABU16 181601092 4 28480 181601092 

AULT 182001433 6 IC SHFeRGTR TTL L$ ReS SERTALeIN PRLeOUT 01295 SN74LS164N 

AyULS 182000685 8 1 IC GATE TTL S NAND TPL 3eINP 012es SN74S10N 

azui9 182001372 2 Ic FF TTL & JeK BAR CLEAR OUAL 07263 74910906 

asu2o 182001416 5 1 TC SCHMITTSTATG TTL L$ INV HEX LoINP 01295 SN74L814N 

AyUat 182001074 t TC DRYR TTL NOR QUAD 2eINP 01295 SN74128N 

Asu22 182001433 6 IC SHFeRGTR TTL L9 Reg GERIALSIN PRLOOUT 01295 SNT4L9164N 

AgUay 182000686 9 IC GATE TTL 8 AND TPL 3eINP 01295 SNT4S14N 

AUG 142001435 6 IC SHFeRGTR TTL LS ReS GSERIALSIN PRLeOUT 01298 SN7ULS164N 

Aguas 182001433 6 TC SHFeRGTR TTL LS Re$ SERTALSIN PRLeQUT 01295 SN7GLS164N 

ABL26 -| 181601092 4 IC MEMORY 28480 1816%1092 

ASUO? 181601092 4 IC MEMORY 26480 1891601092 

Ayuea 181601092 4 IC MEMORY 28480 181681092 

&3U29 181601092 4 iC MEMORY 28480 161681092 

A3SU30 16201691 6 1C GATE TTL § ANDsOR@INY 01295 SN74964UN 

AZU3) 182001475 6 IC CNTR TTL 8S BIN SYNCHRO POSwEDGESTRIG 07263 933160C 

A3ZU32 182001475 6 IC CNTR TTL $ BIN SYNCHRO POSeEDGESTRIG 07263 9381 60C 

A3U33 1820+0681 4 IC GATE TTL S$ NAND QUAD 2eINP 01295 SNT4SO0N 

A3uU3a 192000693 8 IC FF TTL $ DeTyPE POS@EDGES TRIG 01295 SNTG87UN 

A3U35 182901201 6 TC GATE TTL L§ AND QUAD 2aINP 01298 SN74LS908N 

AZUZ6 182080693 8 IC FF TTL 8 DeTYPE POSeEDGESTRIG 012958 SN7Q87UN 

, “3isr ; $820ss478 161 TC CNTR TTL $ BIN SYNCHRO POSMEDGESTRIG | 47363 | G381e0C 

AZUSA 1820e1475 =| 6 IC CNTR TTL 8 BIN SYNCHRO POSSEDGESTRIG 07263 93816@0C i 

A3U39 191601092 4 IC MEMORY 28480 181601092 

A3uao 181601092 4 IC MEMORY 28480 181601092 


181601092 
181601092 
18200691 
182001435 


182001435 


ewe nce 


IC MEMORY 
IC MEMORY 
TC GATE TTL 
IC CNTR TTL 
IC CNTR TTL 


$ andeOReINV 
LS BIN UPsO0AN SYNCHRO 
LS BIN UPsDOKN SYNCHRO 


See introduction to this section for ordering information 
*Indicates factory selected value 


181601092 
181601092 
SN7USHEN 
SN7GLS669N 
SN74GL8669N 
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Replaceable Parts Model 1615A 


Table 6-1. Replaceable Parts (Cont'd) 


Reference HP Part |[c rel sh oa Mfr | | 
aT t Description Mfr Part Number | 
Designation | Number |° Y P Code 
rETTTS 182001425 6 TC SCHMITTSTRIG TTL LS NAND QUAD 2aINP 01298 | SN7OLsi3aNn 
AwUoy 18205069! 6 TC GATE TYL 8 ANDeOReINV 01298 SN7USQUN | 
aglaa 182001234 i9 TC MUXR/DATACSEL TTL LS deTOufeLINE DUAL 01295 SN74LS8253N 
aguag ; 282021236 9) iC MUXR/DATASSEL TTL LS GeTOegeL INE BUAL 63295 | 8N7UL82535N 
A3USO 182001238 9 TC MUXR/DATASSEL TTL L& 4eTO*leLINE DUAL 01298 SN7UL82S53N 
ayusy 182001238 9 TC MUXR/DATARSEL TTL LS 4eTOwteL INE DUAL 01295 SN7UL8253N 
ad 01618866504 | 8 1 BOARD ASSEMALY, TIMING DATA aCQ, 28480 01615-66504 
Aaci 016002198 1 CAPACTYOR=FXD 20PF 408% 300VDC MICA 28480 016002198 
Aaa 014000206 6 2 CAPACTTOReFXD 270PF ¢e5x SNOVDC MICA 72136 DMiSF2e71JoSOOWVICR 
Aacs 014000208 8 1 CAPACITOR@FXD G80PF +eSx 300VDC MICA 72136 DMiSFOBLJOSOONVICR 
aaCa 016004628 3 1 CAPACTTOR|FXD 1800PF +=Sx s00Y0C CER 28480 0160e4e25 
aacs 016004623 | i CAPACTTOR|FXD 3900PF +=Sx 100v0C CER 26480 016004623 
AdCe 016064624 2 i CAPACTTOR=FXD 8200PF +#6X% SOVDC CER 2aue0 0160e4g24 
aac? 016094696 ) { CAPACITOR®FXD ,Q18UF ¢=Sx SoVvOC 28480 01604696 
Aacea 014000190 7 2 CAPACITOReF XD 39PF oe5X% 300V0C MICA 72136 DMLSES9OJOBOONVICR 
aacg 014000190 ? CAPACITOR|FXOD 39PF 485% 300VDC MICA 72136 DMISES9OJOIOONVICR 
Aulio 016002055 9 CAPACTTOR@FXO ,O1UF +805020% 100V0C CER 28480 0160°2055 
Aacyy 016082055 9 CAPACITOR@FXD ,oLUF +80020% 100V0C CER 28480 016002055 
aacye2 016002055 9 CAPACTTORFXD .n1UF +80020% 100VDC CER 26480 0160°2055 
aacy3 018000229 7 CAPACTTORweFXD ZxUF eof ox 10V0C TA $6289 150D336X901 082 
aaCya 018000229 7 CAPACTTORSFXD 3RUFSseio% Jove TA 56289 1500336X901082 
aatis 016022088 q CAPACTTORSPXO ,O1UF s800e20% fo0v0C CER 26480 016002055 
Asli16 016002055 9 CAPACITORSFXO ,o1UF +8050e20% 100V0C CER 28480 0160"2055 
AaCi? 016002055 9 CAPACITORSFXD ,O1UF 480020% 100V0C CER 28480 016002055 
aaCi6 0160°2055 9 CAPACITOR|FXD ,O1UF ¢80"20% 100V0C CER 28480 0160°205$ 
aati9 0160-2055 9 CAPACITOR|FXD ,OLUr #8050e20% 100V0C CER 28480 0160e2055 
Aal20 016082055 9 CAPACTTOR@PXO .O1UF +800e20% 100V0C CER 28480 0160°2055 
ante, 016022055 9 CAPACTTOReFXD . oUF +80020% 100V0C CER 26486 0160°205$5 | 
aac22 0160-2085 9 CAPACTTOROFXD ,OLUF +800e20% 100V0C CER 28480 Oted~=2085 
aaCay 016002055 9 CAPACTTORSFXD ,o1UF #80020x% tooyOC CER 28480 0160502055 | 
aaCaa 016002085 9 CAPACITORGFYD ,O1UF +805020% 100vDC CER 28080 016052055 
aatas 016002055 9 CAPACTTORGF KD .o1UF s80020% 100V0C CER 26480 016002055 
AaC2e 016022085 q CAPACTTOROFXO ,O1UF +80e20% 100VDC CER 26480 01600205$ 
aacay 016002055 9 CAPACTTORSKFXD ,o1UF +80020% 100v0C CER 28480 01602085 
aaCea 016002085 9 CAPACITORSPXD ,O1UF #800e20% 100V0C CER 26480 016082055 
aacoe 016002055 9 CAPACITORGFXO .O1UF s805020% 100V0C CER 28480 016002085 
aal3e 016082055 9 CAPACITORSFXD .o1UF +80020% 100V0C CER 26480 otec~2055 
wats, 01602055 9 CAPACTTORGFXD .o1UF e80020% 100V0C CER 28480 016002055 
aaCsa2 016002055 9 CAPACTITORSFXD .O1UF ¢80520% ioo0vOC CER 28480 0160620355 | 
AQcRi 1901-0080 i 9 DICDE*BWITCHING 30V SOMA 2N8 00=35 28480 190120046 
aacra 190120080 1 DIODESSWITCHING 30V SOMA 2N8 00035 28480 190160040 
AGCRS 190120040 1 DIODESSWITCHING 3OV SOMA 2N8 DO=35 28480 190120040 
aaCra 1401-0040 = I OTODEaSWITCHING SOV SOMA 2NB8 D035 28480 190160040 | 
Aaces 1901-0046 1 DIODESSWITCHING 30V SOMA eNg 009035 26480 190100040 | 
Aads 125106805 9 1 CONNECTOR 260ePIN ™ POST TYPE 08261 BOL e079 | 
AGRy 0787-0262 s RESISTOR 224 1% ,125W F TCwot=i00 24846 Cant sBeTOeRai Ror | 
AGR2 075700282 5 RESISTOR 221 1% ,125w F TCB80+0100 24546 Cowl s8uTQud2i Ror 
aarRy 068300475 1 3 RESTSTOR G,? Sx ,25W FC VCeedoos+So00 o1tad CBurGs 
agra 079700399 8 2 RESISTOR 82,5 1x ,125W F TCweds0ei00 24s46 Chol /BuaT0ab2RSaF 
AaRs 075720399 8 RESISTOR 62.5 1% .125W F TCedve100 26846 Chol saTOeb2RSaf 
ABRO 07570418 9 RESISTOR 619 tx ,125W F TC#0+=100 26546 Cues /BoT00b{ 9RaF 
AGR? 075700411 2 1 RESISTOR 332 1% ,125W F TCeO+0100 24546 Chel Sel 0a3 JRO 
AaRs 073700282 § RESTSTOR 221 1% ,125W F TCwOset00 26846 Chal /BaT Oude Rul 
AGRrg 075760280 3 RESISTOR 1K 1% ,125W F TCwOeet00 24546 Chal Bo TOe{ OO of | 
AGRIO 073700280 3 RESTSTOR 1K 1% ,125W F TC#0e"100 24546 Coal /BeT0elO01oF 
AyRit 0683-0475 i RESISTOR G.7 SX .2SW FC TCmg00/4500 o1i2i CBur7Gs 
AGR1i2 066300475 1 RESISTOR 4,7 Sx ,25w FC TC we40074500 o1i2ai C847G5 
AGRI} 073720282 $ RESYSTOR 221 1% ,125W F TCROse100 24846 Chol /OuOmsal Ror 
AQR{S 073700284 ? RESTSTOR 150 1x ,125W F TCHo+et00 24846 Chai /Ba Oa Sl of 
aakis 078700284 ? RESTSTOR 150 1% ,125W F TCaot=100 24346 Cunt s/BmTOal Siok 
AaR16 079720284 ? RESYSTOR 150 1x ,125W F TCa0+@100 24S46 COel sal Oni Sl oF 
AQRi? 078700282 5 RESTSTOR 221 1% ,125W F TCeO+~100 24546 COel sal 0uz2{ Rak 
AaRi6 078700284 7 RESTSTOR 150 tx ,225W F TCaose100 24546 Chel /BelOol Siar 
aaRi9 075700284 |? RESISTOR 150 1x ,125W F TCadeol00 24546 Cool /QoTO0l Gia? 
AGR2O 210003381 i@ RESYSTOReTRMR SOO 10% C SIDE@ADJ LeTRN 28480 210003381 | 
AGR2, 0757 =0282 is RESISTOR 221 ix ,125w F TCaoeet00 24546 Cut sel Ou2aiRalk | 
AgRoe2 075700284 ? RESISTOR 130 1% ,125W F TCao+e100 24546 Chef /baT00f Si aPF 
AQR23 O7S7e0244 = 86 7 RESTSTOR 150 {x ,125W F TCBO+=100 24846 Coal /BoT Oa Siof 
AGR2A o7S7e0284 =? RESISTOR 150 1% ,125W F TC e0+0100 24546 | Chal sbaT Oa Si oF / 
AGR25 078700284 7 REsrsTOrR 150 1x ,125W F TCade0e100 24546 Chal /BaTOaf Siok 
j 
AGR26 078720284 |? RESISTOR 150 1% ,125W F TC80ee100 24546 Cool /BeT Oa Siar | 
AGRO? | 075709284 = RESISTOR 150 1% ,125W F TCeosetoo 24846 | Cief/BuT Gol Siol 
AdR26 075700284 17 F TCe0ee100 24846 Cool sb al Si aPF 
AQRRG | O7S7e0284 = RESISTOR 150 1% ,125W F TCw0+el00 24846 Coal /BoT Kal Siok 
AGR30 078700280 3 RESTSTOR 1K 1% ,125W F TO80s"100 24546 Chai sBaTOel ool or 
| | | 


| RESTSTOR 150 1% ,125W 
i 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Model 1615A 


Reference 
Designation 


ARS} 
AaR3ea 


075720280 
0757=0284 


ww OO 


Table 6-1. Replaceable Parts (Cont'd) 


Description 


RESISTOR 1K 1%. 
RESISTOR 150 1% 


125W F TC#o+"-100 
el2SW F Tos0s0100 


Replaceable Parts 


Cont /BaT Qos OdloF 
Chal /ReTOol Siok 


Agu 182080810 1 3 TC RCVR ECL LINE RCVR TPL 2eIN® o47t3 MCLOL16P 
Agua 181601335 8 IC TTL $ 256eB7T RAM Liens O47is MOM1O1$2L 
AGUS 181601335 8 IC YTL $ 2560817 RAM 110NS 04713 MCM101S2L 
Agua 182001482 § i IC GATE ECL NOR DUAL 3eINP o47t3 mC10a4iP 
Agus 182001225 4 TC FF ECL DeMsg OYAL 04713 mC10231P 
Agus 182001173 1 IC XLTR ECL TTLeTO*ECL QUAD 2uINP 04713 MELO120L 
AGU? 1862000801 0 1 TC GATE ECL OReNOR QUAD 2eINP 04713 mC10109P 
Aqua 182060817 8 Te FF ECL DeMs8 DUAL ort’ MCLO131P 
AGUS 182605826 3 ié IC FF ECL JeSAR KeSAR COM CLOCK OUAL 64713 MCLOiSSi 
AGUIO 122009802 { IC GATE ECL NOR Quad 2eINeP 04713 Me10102P 
Agus 182600820 3 IC FF ECL JeBAR KeBAR COY CLOCK DUAL 04713 MCLOU3SL 
aguya 182001990 0 4 IC GATE ECL NOR QUAD 2eINP 04713 MCLOL00L 
AQU13 182009820 3 TC FF ECL JeBAR KeBAR COM CLOCK DUAL 04713 MO1013S4 
aauia 192000802 | IC GATE ECL NOR QUAD 2eINP 04713 mMC10102P 
Aauis 1820209820 3 1¢ FF ECL JeBAR KeBAR Com CLOCK DUAL 04713 MCLOL3SL 
AaUi6 18200048156 t TC RCOVR ECL LINE ROVR TPL 2u INP 08713 MC1LO1L16P 
AaUi? 182001788 4 TC CNTR ECL BIN SYNCHRO POSeEDGESTRIG 07263 Fio001ed¢ 
aalss 182001993 3 2 IC MUXR/DATASSEL ECL QUAD auJNP 08713 MC10158b 
AaU19 182000684 7 i) TC INV TTL S HEX feINP 01295 SN74USQ5N 
Aau20 182002010 ? Ic 28480 182082010 
AgUat 182002010 7 1c 28480 1820"2010 
agu2e 182000817 8 IC FF ECL DeM/8 DUAL o47ss MC10%31° 
Agu23 182009820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL O47$3 MCLOL3SL 
aguag 182901400 7 Tc GATE ECL AND QUAD QeINP 04713 MC10108P 
aques 182000820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL ouTt3 MCLOE3SL 
A4QU26 182001990 0 IC GATE ECL NOR QUAD aeJNP 04713 MC10100L 
ague? 182000820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL o4713 MC1O135L 
AaUas 182001400 7 TC GATE ECL AND QUAD QeINP 04713 MC1010aP 
4ale9 182000820 3 TC FF ECL JeBAR KeBAR COM CLOCK DUAL ouri3 MCLOL3SL 
Aause 182000810 1 Te rCyR ECL LINE RCVR TRL 2eINP OOFL3 MELO116P 
AGUS) 182001788 4 IC CNTR ECL BIN SYNCHRO POSsEDGESTRIG 07263 Fiooieoc 
AGUZ> 182001993 3 TC MUXR/DATASSEL ECL QUAD 2eINP 040713 MO1O0158L 
AQU33 182002010 7 tc 28486 182002010 
AGU34 182002010 ? 1c 28480 182002010 
AQUS5 182000817 8 TC FF ECL DeMs$ DUAL 04713 MC1O134P 
Agus 182006820 3 IC FF FECL JeBAR KeBAR COM CLOCK DUAL OuP13 MC101354 
AGU37 1820e0802 { IC GATE ECL NOR QUAD geINeP OO713 MC10102° 
AqUga 1820-0820 3 IC FF ECL JeSAR KeBAR COM CLOCK DUAL OU713 MC}O138L 
AaUs9 182021990 0 IC GATE ECL NO® QUAD 2eINP 0u7i3 MELOLOOL 
Aguag 1820°0820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL 04713 ME10135L 
Aauad 1429-9852 { TC GavE Ef: nee guAd aatne oars mCiSicer 
Aause 182020820 3 TC FF ECL JeBarR KeBAR CoM CLOCK DUdL 04713 MCLOU3SL 
AQUGS 182901986 6 TC GATE ECL DUAL ourls MCLOULIL 
aguas 18200087? 8 IC FF ECL Dems DUAL 04713 MCLOLS YP 
AGUGS 182001173 1 IC XLTR ECL TTLeTOWECL QUAD 2eaINP 04713 MC10124L 
AuUSS 182001433 6 IC SHFeRGTR TTL L8 Re SERTALGIN PRL@OUT 01295 SN74L8164N 
Aqua? 182000817 8 TC FF ECL DeMsg DUAL o4713 MC1OL39P 
Aaues 182000820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL O47i3 MC1O438L 
Aauae 182001400 7 IC GATE ECL AND QUAD 2eINP 04713 MCLOLOGP 
AaUSO 182000820 3 IC FF ECL JeBAR KeSAR COM CLOCK DUAL oa713 MC104354 
Agus, 182001990 0 TC GATE ECL NOR QUAD QeINP o47i3 MEL10100L 
AGUS? 162000820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL OOF13 MO1O13SL 
AGUSy 1820014800 ? IC GATE ECL AND QUAD QeINP ou7t3 MC10100P 
Aalsa 182000820 3 IC FF ECL JeBAR KeBAR COM CLOCK DUAL Ou713 MC10E3SL 
AgUSS 181000273 9 NETWORK@RES 160829870,0 OHM X 9 o1tel 210AG7] 
AGUS6 181060273 9 NETWORKeRES {0e8IPA470,0 OHM X 9 o1lel 210aa71 
AQUS? 181000272 8 3 NETWORK@RES 10082P330,0 OHM X 9 01121 2104331 
aguS8 181900273 9 NETWORKSRES {0e82P970,0 OHM xX 9 o11ad 210AG74 
Aaus9 1819¢0273 9 NETWORK@RES 10e8IP470,0 OMM X 9 o112i 210A07) 
Aaoo 181000273 9 NETWORK@RES 10e83P470,0 OHM X 9 o11ai 210Aa74 
agues 181000273 9 NETWORK@RES 10"81P470,0 OHM X & o1ies 210A071 
Aaue2 18100¢0273 9 NETWORK@RES 1087P470,0 OHM x 9 o1s2i 210AG7) 
AQU6S 181900273 9 NETWORK@RES 10e8IP570,0 OHM x 9 0112) Bi0AaT71 
agued 181000272 8 NETWORK@RES 106817P330,0 OHM xX 9 o1sal Z210A331 
Aques 181000272 8 NETHORK@RES 1008TP330.0 OHM xX % o1tas 210A331 
Aallos 181000273 9 NETWORK@RES 10e8IPQ70,0 OHM XK 9 ora 210A071 
Agle?7 181000302 5 ry NETWORKeRES B8e87P47,0 OHM x G ollet 2088470 
AgUsS ; 223680362 15 | NETHWORKeRES SeSIeS7.o CHM xX 4 Giigi | 2685475 H 
AQues 181000302 5 NETWORK@RES 8e971PG7,0 OnM xX 4 | ort21 | 208Baro 
AQUu?O 181900302 r} NETWORK®RES 8=87PG7.0 OHM X 4 | 0112 | 2088470 
aaury 181000302 5 NETWORKeRES 8egIPU7,0 OKM x 4 o112i 2088470 
aauv2 181000302 5 NETWORK@RES SeQyPa7?.0 OHM X G 112i 20868470 
AQUuTS 161000273 9 NETWORKORES 10e87P470,0 OHM X 9 o1iat 210Aa71 
Aguya 181900273 9 NETWHORK@RES 10087P470,0 OHM X 9 o1ia 210aar7! 
agurs 181000273 9 NETWORKORES 10082PU70,0 OHM X 9 01121 210A47! 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


AGUTG 


aaxue 
AaXUS 
Aaxus 
Aaxu2e 
AGxUss 


Agxuad 
AgKUay 


AS 


Asti 
asta 
ascs 
asta 
asce 


aSCi2 
aSC13 
ascia 
ascis 
ASCt6 


ascii? 
ascis 
agci9 
agai 
agcea 


ASCay 
ascCaa 
agsc2s 
asC26 
ASC}; 


asCri 
aSCRe 


agt; 


agli 
aSJ2 


ASO 
AsQ2 


AgRy 
ASR2 
ASRS 
ASRo 
ASR? 


Aska 
ASRO 
aSRit 
AsRi2 
ASRi3 


ASRIS 
aSRig 
ASRI? 
ASRiB 
ASR1G9 


aSR20 
ASR 
ASR2y 
ASR20 
ASR26 


agra? 
ASR28 
aSR2e 
ASR30 
ASAI 


ASR32 
ASR33 
ASR 3G 
ASR35 
ASR36 


AsR37 
ASR46 


ASTP, 
agTea 
ASTPS 
ASTPag 
ASTPS 
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HP Part 
Number 


181020273 


7 ON 


120000607 
120000607? 
12000607 
120020607 
120060697 


oo eoo0nu °° 


120000607 
120060607 


— 


01615-66517 


018000229 
018920229 
018000197 
01602204 
017000066 


0140-0206 
016002085 
016002085 
016002055 
016062055 


evo ann 


eaoudce 


016062085 
016002035 
016002055 
01602083 
016022085 


016002055 
016002055 
016002055 
0160°2055 
016082201 


OOO 0 @wvWvo000 


1901-9028 
190109025 


128120524 
120000078 


ow wa wer 


185600215 
185300016 


ae 


069803158 
0757-0280 
075700280 
0698=3154q 
076100054 


076100038 
075700280 
07570280 
075729280 
075709280 


075700438 
073720938 
075700416 
075700442 


Le ol al (ed Ge lod iol OD Oo wWuwa 


075700338 


075720398 
075700461 


| 


~ew Wo a2 


078700416 


066401061 
075700280 
075720280 
075720280 
0787009280 


075750280 
0757~=0280 
075706286 
075700280 
075700280 


ned ott I od lod ot 


075720286 


036020535 
036000535 
036000535 
036000535 
0360=0535 


oo ooo 


Description 


NETWORK@RES 100e8TPU70,0 ORM X 9 


SOCKET#IC 16eC 
SOCKETSIC 160C 
SOCKET#IC to0C 
SOCKET*IC 160C 
SOCKET#IC 1o=C 


SOCKETeIC 1606 
SOCKETeIC toel 


ONT DI 
ont OF 
ONT DI 
ONT DT 
ONT DI 


ont Of 
ONT OF 


PweSLDR 
PeSLDR 
PeSLOR 
PeSLOR 
PeSLOR 


P#SLOR 
PeSLOR 


Table 6-1. Replaceable Parts (Cont’d) 


BOARD ASSEMBLY, MICROPROCESSOR AND ROM 


CAPACTTOR|F XD 
CAPACTTORGF XD 
CAPACTTOR@F XD 
CAPACTTOR|F XD 
CAPACT TORS FXD 


CAPACI TOR@FXD 
CAPACI TOR@FXO 
CAPACTTOR@FXD 
CAPACTTORGFXD 
CAPACTTORoFXD 


CAPACITOR@FXD 
CAPACTTOR@FXD 
CAPACTTORSFXD 
CAPACI TORSFXD 
CAPACTTOR|FXD 


CAPACT TOR F XD 
CAPACTTOR=FxXD 
CAPACTTORef x0 
CAPACITORSFXD 
CAPACTTOR|&xh 


DIODE sGEN PRP 
DIODEaGEN PRP 


33uUFe~t0x% 10VOC TA 
S3UFee10x% 1OVOC TA 
2,2uFee10x% 2ovDC TA 
100PF +eSy 300VDC MICA 


o027UF 4010% 200VDC POLYE 


270PF 
oOLUF 
eOLUF 
oOLUF 
oOL1UF 


eOLUF 
2O1UF 
oO1UF 
eO1UF 
oO1UF 


.O1UF 
2 O1UF 
2O1uF 
oO1UF 


SPF eX SOOVDC MICA 


405% SOOVDC MIca 


480020% 
¢80020% 
*80020% 
+800e20% 


#800e20% 
B0020% 
$80020% 
*80020% 
e800e00% 


+80020% 
$800e20% 
+80=20% 
#80"20% 


100V0C 
1Q0VDC 
100V0C 
1o0VOC 


1900V0C 
100VOC 
100VDC 
190v0C 
100V0C 


1oayOC 
100V0C 
rooyvoc 
100V0C 


100V 200MA Doe? 
100V 200MA 0007 


CER 
CER 
CER 
cer 


CER 
CER 
ceR 
CER 
CER 


CER 
cer 
CER 
CER 


JUMPER CLIP, OSA 


CONNECTOR 20@PIN M POST TYPE 
CONNECTOR@SGL CONT SKT ,Ot6rINoBSCH82 


TRANSISTOR NPN 
TRANSISTOR PNP 


RESTSTOR a, 22K 
RESTSTOR 1K 4X 
RESTSTOR 4K 12% 
RESISTOR a, 22k 


SY POs3SoMw FresoamMH7Z 


SI TOw92 POS3OOMW 


1% ,125W FP TCag+~i00 


125" F TCedse100 
21250 F Tomoset00 


1% ,1250 F TC#egee100 


RESTSTOR 330 Sx 1m MO TCAQ+e200 


RESISTOR 330 Sx tW MO Theoom200 


RESISTOR 1K 1% 
RESISTOR 1K 1% 
RESISTOR 1K 1% 
RESISTOR 1K 1% 


RESISTOR S,11K 
RESISTOR 5,11K 


S125 F TCm0e0100 
pieSn F TCe80+9100 
plasm F TCad+~=100 
125N F YCade~100 


1x ,! 
1% ,1 


23H F TCedse100 
28w F TCs040100 


RESTSTOR Sit 1% ,125W F TOMO+e100 
RESTSTOR 10K 1% ,125w F TCedeet00 
RESISTOR 1K 1X .25W F TC8Q4~100 


RESISTOR 75 1% ,125W F Tled+=100 
RESISTOR 100 1% ,125W F TCmO+=100 
RESISTOR 1K 1% ,125W F TCeO4e100 
RESTSTOR 301 1% ,125W F TCmo+=100 
RESISTOR Sit 1K ,125W F TC#Oee100 


RESISTOR 10 10 
RESTSTOR 1K 1% 
RESISTOR 1K 1% 
RESISTOR 1K 1% 
RESISTOR 1K 1% 


RESISTOR 1K i8 
RESISTOR 1K 1% 
RESTSTOR 1K 1% 
RESISTOR 1K 1% 
RESISTOR 1K 1% 


RESISTOR 1k 1% 
DELETED 


X .25W FC TCa2d007/4500 
2125W F TCe04~100 
ol25W F TCe049100 
ples F Cmde~ei00 
o12aSW F TCe0+¢"100 
pl2sw F 7080¢0100 
plaSw F 7Cs0+~0100 
lash F Tomoee100 
ptaSw F TCad+=100 
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See introduction to this section for ordering information 
*Indicates factory selected value 
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120006607 
1200"0607 
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1200=0607 
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1500336x9010B2 
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150D225x9020A2 
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0160°2058 
0160°2085 
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£901=0025 
1901=0025 
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1251°4524 
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Coal Bel OaG221 oF 
Coal sboT Onl O01aF 
Chat sBelOelO0ieaF 
Cunt s60T 026221 oF 
076120054 


076100054 

Chal /beTOalO0i oF 
Cool Bu TOnl O01 oF 
Chal /BoTOml O01 OF 
Coei s/BeTOmlOOior 


Coal Be TOeSi 1 Lor 
Cual /BaT0eSi 110% 
C4al /BuT005] {Roof 
C401 Be T0nf 0020F 
CSei/daTOwf001eF 


C4el /BeTOe7SROOF 
Chal /BuTOmL Olio? 
Chali Bol Dol O0loF 
Cheol /8uTOa3O {Rok 
C01 /BeT0u$1 Ror 


CB1001 

Cowl /BoTOMLOOL oF 
Coal BoTOSLOOL oF 
Chal sBeT001 001 oF 
Caaf sBeTOOlO0ioF 


Chel sBaT00l 001 oF 
Canal /BofOml 001 oF 
CRo{ sBaTGnlO0iear 
C4ali sBoTOmlO0lorF 
Chul sBe TOC OGL oF 


Chal /BalOwlOOlor 
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DMLSFATLJOSOOWVICR 
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016082058 
0160220585 
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016002085 
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Model 1615A Replaceable Parts 


Table 6-1. Replaceable Parts (Cont'd) 


Reference 


Description 


Designation 


ASTPG 0360¢0535 
ASTP? 036900535 
aSTeg 0346000835 
ASTPO 036000535 


TERMINAL TEST POINT PCB ORDER BY DESCRIPTION 
TERMINAL TEST POINT PCB OROER BY DESCRIPTION 
TERMINAL TEST POINT PCB ORDER BY DESCRIPTION 
TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 


eoo°o 


ASUY 182001216 3 1 IC OCOR TTYL LS ZeTO@BeLINE JoINP 01295 $N7GL9138N 
ASue2 182os1244 ? 1 IC MUXR/DATASSEL TTL LS 4eTOmfeLINE SUAL 01295 SN74L$153N 
ASUS 1818e0474 8 1 TC NMOS 163840877 ROM 27014 OM2316EN MASKED 
agua 181809475 9 1 IC NMOS 16384eaTT ROM 27014 OM2316EN MASKED 
ASUS 1818004873 ? t IC NMOS 16384877 ROM 27014 DMZ316EN MASKED 
ASUS 1418809472 6 i IC NMOS 16384eR7T ROM 27014 OM2316EN MASKED 
Aguy 181506873 5 $ TO NMOS 16284eRTT ROM e7o1e OM2316EN MASKED 
asus 181800470 4 1 IC NMOS 163848817 ROM 27014 OM2316EN MASKED 
ASUS 182601918 2 TC BPR TTL LS LINE ORVR OCTL 01295 SNTGLS241N 
ASULO 182001918 2 TC BFR TYL LS LINE DRVR OCTL 01295 SN74LS241N 
Agus 182001783 9 { TC MICPROC NMOS SeBIT 01295 TMQBOBOAN 
Asie 182901994 4 2 IC ORVR TTL LS LINE ORVR OCTL 01295 SNT4LS2G3N 
ASULS 1820060471 0 1 IC INV TYL HEX 12INP 01295 SNTUOON 
ASUI4 182020629 0 Ic FF TTL § Jek NEG@EDGESTRIG 01295 Sn748112N 
ASUIS 182001196 8 1 TC FF TTL LS DeTYPE POS@EDGEeyRIG COM 01295 SN74ULS174N 
AsUL6 182001207 2 1 IC GATE TTL LS NAND BeINP 01295 SN74LS30N 
ASuI? 182001197 9 2 IC GATE TTL LS NAND QUAD 2eINP 01298 SN7GLSQ0N 
ASUIa 182001825 6 IC SCHMITTeTRIG TTL LS NAND QUAD 2eINP 01298 SN7ULS332N 
ASU20 182081730 6 IC FF TTL LS DeTYPE POSeEDGE@TRIG COM 01295 SNVULSQ73N 
ASUS 182001730 6 IC FF TTL LS Del YPE POSeENGES TRIG COM 01295 SN7ULS273N 
agu22 1a20e1g41 8 { IC DRVR TYL L8 BUS DRVR HEX 1efNP 01295 SN74L836S4N 
ASU2S 182001918 2 TC BFR TTL LS LINE DRVR OCTL 91295 SN74LS241N 
ASU2Y 1820°1994 a TC ORVR TTL LS LINE ORVR OCTL 01295 SN7ULSQ4U3N 
A5u25 182001201 6 IC GATE TTL LS AND QUAD 2eINP 01295 SN7ULS08N 
ASU26 182001425 6 IC SCHMITTeTRIG TTL LS NAND QUAD 2efNP 01295 SN74UL8132N 
ASU2T 182001430 3 IC CNTR TTL L® BIN SYNCHRO POSeEDGES TRIG 01295 SNT4LSLOLAN 
ASu28 182001430 3 TC CNTR TTL LB BIN SYNCHRO POgekDGEoTRIG 01295 SNTOLSI6LAN 
ASUS} 1820-1430 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGEe {RIG 01295 SNT4L S164 AN 
ASU32 1820014630 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGESTRIG 01295 SN74LS1614AN 
ASUIS 182001430 3 TC CNTR TYL LS BIN SYNCHRO POSeEDGEeTRIG 01295 SN7&L8161AN 
ASU34 182001430 3 IC CNTR TTL LS BIN SYNCHRO POSSEDGEe TRIG 01295 SN7OLSO14N 
ASUSS 182001425 6 IC SCHMITT@eTRIG TTL LS NAND QUAD QeJNP 01298 SN74L8432N 
ASU36 182001730 6 TC FE TTYL Lg DetyPE POSeEDGEeTRIG COM 01295 SN7ULS2T3N 
ASUS? 182001425 6 IC SCHMITTeTRIG TTL LS NAND QUAD 2eINP 01295 SN7UL8132N 
ASUZA 182001429 0 2 I¢ CNTR TTL LS DECD SYNCHRO 01298 SN74L81604N 
ASUS9 1820°0691 6 IC GATE TTL S$ AND#OReINY 01295 SN7486@4N 
aguao 182004208 8 2 TC GATE TTL LS NAND DUAL ge INP 01295 SN74L820N 
AgUay 182001210 ? IC GATE TTL LS AND@ORSINY BUAL Qua INP 01295 SN7QLSS1N 
aguag 181000099 ? 1 NETWORKeRES 1208TP6,8K OHM x 10 286486 181060049 
ASXUS 1200=6544 1 6 SOCKETeIC 2ueCONT DIP DIPSSLOR 28480 12006054j 
agxua 120000841 1 SOCKETeIC 2ueCONT DIP OFPeSLOR 26486 1200080844 
agxus 120000541 1 SOCKETeIC 2GeCONT DIP OTPeSLOR 28480 1200ec08a1 
ASXUG 120000841 i SOCKETSIC 2GeCONT OFF DIPeSLOR 28480 120090844 
asxu? 120000541 1 SOCKETSIC 24=CONT DIP DIPeSLOR 28480 120000841 
ASXUB 120000843 1 SOCKETSIC 24eCONT DIP DIPeSLOR 28480 120060541 
ASxXutt 120080684 ? { SOCKETeIC dOeCONT OTP DIPeSLDR 26480 120000658 
aSxure 120000638 7 3 SOCKETeIC 14eCONT OIPeSLOR 26480 1200°0638 
ASKU2G 1200¢0638 7 SOCKETeIC 14eCONT DIPeSLOR 28480 120090638 
Ab 01618966816 | 2 { BOARD ASSEMBLY, DISPLAY PROGRAMMER 28480 01615866816 
hocy 018000197 8 CAPACITOReFXO 2 ,2UFeetox 20v0C TA 56289 1SoD225x9020A2 
aoe 018000229 ? CAPACITORSFXD S3UFHe10% 1OVDC TA $6289 1500336X401082 
MeC3 016003807 § CAPACITORSFXD GPOPF eefO% 1KVDC CER 28480 016003487 
aca 016002205 1 4 CAPACTTOR@FXO 120PF #=e8% 300VBC MICA 28480 OLe0=2205 
aocs 016022205 { CAPACITOR@FXD {20PF seSx SOOVOC MICA 28480 016092205 
dole 016002265 i CAPACTTORGFXD 120PF ee$x 300VOC MICA 28480 0160°2208 
aecy 016002265 { CAPACITOR@FXO 120PF #08% 300VOC MICA 28480 016092208 
aoca 016000939 4 i] CAPACITOR@FXD GSOPF oeSx 3JOOVDE MICA 28280 016020939 
eco. 0160=2035 5 CAPACITGROFKD ,G1UF sSGe20% Soevoe CER 28n8e 916002058 
aeCio 016002085 9 CAPACTTOR@FXD .OLUF +80520% 100V0C CER 28480 016002055 
aeciy 016002055 9 CAPACTTORMFXD .O4UF ¢80020% 1090V0C CER 26486 0160°2058 
AeCi2 016002058 ) CAPACITOR@FXD ,OLUF ¢80020% 10000 CER 28480 016022085 
Aoli3 016062055 9 CAPACITORSFXD ,o1UF #80020% 190VDC CER 20486 016002055 
AgCia 016002055 9 CAPACTTOR|@FXD ,OLUF e80020x% 100V0C CER 28080 016002055 
aolis$ 016002055 9 CAPACTTOREFXD .o1Ur 800202 100y0C CER 28480 016002088 
H i 5 

delig 0160%2035 9 | CAPACTTORGFXD O4UF ¢80e20% 100V0C CER } 28880 | 016002055 ' 
agli? 016002085 9 CAPACTTORGPXD LoLUF +80020% 100V0C CER 28080 01802055 
Agtia 0460-2085 9 CAPACTTOR@FXD ,OVUF sade20% 100VDC CER 28480 0160°205§5 
aeCi9 0190-20655 § CAPACI TORSFXD F s80=20% «oovOe CER 26480 016092085 

6 0160°2055 9 CAPACTTOROFXD *B0%20% 1o0VOC CER 0160°2085 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Model 1A#15A 


Table 6-1. Replaceable Parts (Cont'd) 


Reference HP Part [cl o ar Mfr 
: : Description Mfr Part Number 
Designation | Number |2 ty esenipule Code 
aolrt 0160=2209 8 { CAPACITORSFXD 3E0PF oeSX S00VDC MICA 28480 016002209 
agCo2 018000229 bd CAPACITORFXD ZRUF +01 9% fOVOC TA 56289 1500336X901 082 
aoCas Oen~2204 0 CAPACITOR=FXD 1 O0PF #eSX¥ 3OOVOC MICA 28480 016092204 
AGRI O75 7a0346 2 RESISTOR 19 1% .,125W F TCeden100 24546 Coat /BaT 001 ORO 
AoRa2 075700401 0 RESTSTOR 100 1% ,125W F TCmOsei00 24546 Chet sbaT Out Oia 
aoRy O7STeO410 i RESISTOR 301 1x ,125" F TCsos0ei00 24546 Coal /beT 00301 Rak 
AoRy 0757=0286 3 RESISTOR 1K 1% 1250 F TCe04e100 24Sd6 Cowl sBwTOwfi Q0laF 
AoRS ; 075700408 ? { RESISTOR 243 1x ,125W F TCeoe~lo00 24846 Coal sBal0e2dzRoF 
AbR6 075700283 6 9 RESYSTOR 2K 1% ,125W F TCB0e~100 24546 Cowl Bef Oe2O0 LaF 
AoR7 0757"0283 6 RESISTOR 2K 1% .125W F TCs0%"100 24546 Cues s6"TOS20018F 
AoRB 075760283 6 RESISTOR 2K 1X ,125W F TCadee100 24846 Coal /BeT0e200L OF 
ARO 078790283 6 RESISTOR 2k 1% .125W F Tleo+=100 2446 C4n1 s8=TOS2001 OF 
AbRIO 0757 e280 3 RESISTOR 1K 1% ,125W F TCs0e~l00 245u6 Cont /BaTOelO0lef 
AoRit 075760280 3 RESISTOR 1K 1% ,125W F TCe0set00 24546 Coal /Bal Ons O0ioF 
AoRi2 075760280 3 RESISTOR 1K 1% ,$25W F TCade=100 24846 C4af /BaT 00 O01 oF 
AbR13 075700280 3 RESTSTOR 1K 1% .125W F 102040100 24546 Coal sw Ol OO LaF 
AoR14 078720410 1 RESISTOR 301 1% ,t25W F TCBO+e100 24546 C40{ sa 0e301ROF 
ARIS OTST e0410 1 RESTSTOR 301 1% ,12Sw F TCad+et00 24546 C40l /BoT0e301ROF 
AoRig OTST e410 1 RESTSTOR 301 1% ,125W F TCeoeeio0 24546 Choi s8al eS Gi1R of 
AoR1? 075740410 t RESISTOR $01 1% ,125W F TEa0+~100 24886 Chef bel Oe} QI Ref 
AoRia 075700410 i RESISTOR 301 1% ,125W F TC#0+50100 24546 Chai sb OnJO1Rof 
ABR19 075700801 ny RESISTOR 100 t¥ ,125W F TCa0e~100 24546 Cowl sBaTOel olor 
AGR20 075720283 6 RESISTOR 2K 1% .125W F TC80e=100 24us5u6 Chol sBaTOe20010F 
AgRat 210023351 6 RESTSTORSTRMR S00 10% C SIDECAD) teTRN 28480 210003351 
agRe2 OTST 0418 9 RESISTOR 619 1% ,125W F Tladse100 24546 Coal /BaTOSb1GRof 
AGR23 0757-0280 3 RESTSTOR 1K 1% .125wW F Tle0e=300 24546 Chal /SeTOolO0ler 
agRag 075700280 3 RESISTOR 1K 1% .125W F TCM0s~109 248d6 Cowl Ho VOel Ol oF 
asRog | 078 7%e0410 i RESISTOR 301 ix .125W F TCao+e100 2usae Cowl sBoTOeSOIRaP 
AgRe6 07570410 t RESTSTOR 391 1% ,125" F TCwo+e100 24546 Cool sbel0u 301 Rak 
AbR27 0757=0410 1 RESTSTOR 301 1x. 1256 F TCw0+0100 24846 Coat Bul Da¥OiRok 
agR2a 075720280 3 RESTSTOR 1K 1% ,125W F TCa0¢eto0 24846 Cool /8aTOw$O0lel 
AoRag 075700240 3 RESISTOR 1K 4x 125" F TCs0e0100 26546 Coat sBaTOelO0loF 
Aborto 075720280 3 RESTSTOR 1K 1% ,125W F TCad+0100 24546 Coal s/BaT00L O01 ef 
AORS1 075709810 i RESISTOR 301 1x. 125W F TCso+0el00 24uS46 CUnl sbaT0e3O1RoF 
4oR32 075780280 3 RESISTOR 1% t% L[125W F TCeoeeido 24546 Chel sBulOnlOOleF 
aoR33 07S 7 e040? 6 RESTSTOR 200 1%. “1250 F TCaOse100 24$26 Cont sBnTOwdOloFk 
aoR3a 075720280 3 RESTSTOR 1% 1x L125" F TCadeel100 24546 Coal s8uT0elO0iel 
AORSS 0757-0416 7 RESISTOR 511 1% .125W F TC=0+-100 24546 C4-1/8-TO-511R-F 
AoRds 075700280 3 RESISTOR 1K 1% ,1a5N F TCede~100 2asae Coot /BoOesO0leFr 
ATP, 0360-60535 0 TERMINAL TEST POINT PC8 00000 ORDER BY DESCRIPTION 
AoTPa 036060535 ) TERMINAL TEST POINT PCB 00000 ORDER SY DESCRIPTION 
AGTPS 03600835 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AotPa 036000535 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
Agu! 181920237 i 1 TC PMOS 2,5K ROM CHAR GEN USQ0NS 38 14936 ROwse2513 
Abu2 182001042 3 { IC SHFORGTA TTL RaS PRLOIN SERTAL COUT 01295 8N73165N 
Agus 1829-0691 6 1C GATE TTL $ ANDSORSINV 01295 SN74964N 
Agua 182901194 6 3 TC CNTR TTL LS BIN UPZDOWN SYNCHRO 01295 SN7TULSL93N 
AGUS 182001594 6 IC CNTR TTL LS BIN UPsOGAWN SYNCHRO 01295 SN7ZL8193N 
Agus 182001194 6 IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 SN74L8193N 
AGU? 162001425 6 IC SCHMITT@TRIG TTL L&8 NAND QUAD 2eINP 01298 SN74L8132N 
Agua 182001112 8 3 IC FF TTL LS DeTYPE POSeEDGESTRIG 01295 SN74LB7ON 
Aeus 182001430 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGE@TRIG 01298 SN7OLS161AN 
AeuUIC 182001430 3 IC CNTR TTL LB BIN SYNCHRO POSeEDGE@TRIG 01295 SN7UL81614N 
Aguit 1820=4430 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGESTRIG 01295 SN7GL8161AN 
aalya 182001210 7 IC GATE TTL LS ANDeOReINV DUAL QeaINP 01295 ON7ULSS1N 
AUIS 182000681 4 IC GATE TTL $ NAND QUAD 2uINP 01295 SN74S00N 
Aolya 1492001989 7 i] TC CNTR TTL LS BIN DUAL 4eBIT 07263 T4L8393PC 
AbUis 182001476 1 r IC MUXRSDATASBEL TTL LE 2eTOeteL INE QUAD 01295 SN7GL81S7N 
aote 182001870 { TC MUXR/DATACSEL TTL LS 2eTOeteLINE QUAD 01295 SNPGLGIS7N 
AouI? 18201470 | TC MUXR/OATAPBEL TTL LS 2eTOeleL INE QUAD 01295 SN7GL8157N 
AoUis 182000687 0 { IC GATE TTL S AND TPL SuIN® 01298 BN7U8I5N 
Agua 141600913 6 1 IC TTL § 64e8IT RAM 1100N§ O0€ 34335 AM31L010C 
A620 182901217 a IC MUXR/DATACSEL TTL LS SeVOm{eL INE 01295 SNTULSiS1N 
aoUai 1920-1298 i { IC MUXR/DATASSEL TTL LS BeTO@LeLINE 01295 SN7SL82S1N 
aga 181601189 2 1 IC TTL 8 1K ROM 65eN8 $08 01295 SN7U8287N PROGRAMMED 
AOU23 182001430 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGEe TRIG 01295 SN7UL8161AN 
AU2g 1820901204 9 IC GATE TTL LS NAND DUAL GeotNP 01295 SN74L820N 
Aoues 182001202 ? 2 IC GATE YTL LS NAND TPL 3eINP 01295 SN7GLS10N | 
&oU26 182001730 | 6 1C FF TTL LS DeT¥PE POSeEDGESTRIG COM 01295 SN7UL8273N 
Agla? 162901192 = 8 2 TC RGTR TTL OefYPE GeBIT 01298 SN7G473N 
Agu2e 181890348 5 8 IC NMOS 1K RAM STAT 308 07263 2102, HPC 
AgUag 161B8e93G8 =| 5 IC NMOS 1k RAM STAT 308 07263 2102LHPC 
A6U30 181890348 = S IC NMOS 1K RAM STAT 308 07263 2102LHPC 
Py _ 
| | | | 
eS Ene RECA, ET Ye EU eae ENO Se SE A, SR ee ee eee i H 


See introduction to this section for I aa ee eee information 
“Incicates factory selected value 
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Model 1615A Replaceable Parts 


Table 6-1. Replaceable Parts (Cont'd) 


Reference HP Part lc 1 
, s Description 
Designation | Number 
A6US4 1818=9348 5 NMOS 1K RAM STAT 308 2102, HPC 
Agus2 1820e1112 8 FF TTL L8 DeTYPE POSsEDGE@TRIG SN74L874N 
A6U33 182001470 1 MUXR/DATASSEL TTL LS 2eTOsLeLINE QUAD SN74LS157N 
AGUSG 181601148 1 1 IC TTL 8 1K ROM O6SeNG 308 01295 SN748287N PROGRAMMED 
AGU3S 1820-1203 8 i IC GATE TTL LS ANC TPL 3eINP 01295 SN74LS11N 
Aglze 181601150 5 1 TC TTL S$ 1K ROM 65eNS 309 01295 SN74S289N PROGRAMMED 
46U37 182001430 3 IC CNTR TTL LS BIN SYNCHRO POSEDGEeTRIG 01295 SN7GLS1624N 
AoUs8 182001112 8 IC FF TTL LS DeTYPE POSmEDGESTRIG 01295 SN7ULS74N 
AGU39 182001197 9 IC GATE TTL LS NAND QUAD 2eINP 01295 SN74L800N 
AoU4o 1820-0693 8 IC FF TTL § DeTYPE POS#EDGE@TRIG 01295 SN7U87UN 
Aguas 1820~—1192 4 IC RGTR TTL DeTYPE UeBIT 01295 SN74173N 
Agua 181800348 5 TC NMOS 4K RAM STAT 30S 07263 2102. HPC 
Aousy 181800348 5 IC NMOS 1K RAM STAT 305 07263 2102LKPC 
AoUaa 181600348 5 1C NMOS 1K RAM STAT 308 07263 2102L HPC 
AGUGS 181800348 5 IC NMOS 1K RAM STAT 30S 07263 2102LHPC 
AoUds 1929~0693 8 IC FF TTL S DeTYPE POSeEDGE@TRIG 01295 SN74S70N 
Agua? 182001202 7 TC GATE TTL LS NAND TPL 3eINP 01295 SN74L SL ON 
aoUaa 182001210 7 IC GATE TTL LS AND@OR@INV DUAL 2=INP 01295 SN74LSS51N 
Aguag 182001199 1 i IC INV TTL LS HEX LeINP 01295 SN74LS04N 
A6US0 191601151 6 { IC TTL $ 1K ROM 65eNS 309 01295 SN748287N PROGRAMMED 
AOUS1 182001430 3 IC CNTR TTL LS BIN SYNCHRO POSeEDGESTRIG 01295 SN74L8164AN 
A6US2 182000693 8 IC FF TTL 8 DeTyYPE POS@EDGE*TRIG 01295 SNT&S74N 
A6US3 182001429 0 IC CNTR TTL LS DECO SYNCHRO 01298 SN74L9160AN 
AGXU1S 1200-0607 0 SOCKETeIC 16=CONT OIPeSLOR 28480 120020607 
AgXxUa2 12000607 0 SOCKETeIC 16=eCONT DIPeSLDR 28480 120020007 
Agxuas 120000607 0 BOCKETeIC 16eCONT DIPeSLDR 28480 120000607 
AGXU3G 120020607 0 SOCKETeIC 16eCONT DIPeSLDR 28480 120000607 
AOXUS6 120000607 0 SOCKETeIC 16=CONT DIPeSLDR 28480 1200°0607 
AGXUSO 120000607 ft) SOCKET@IC te=CONT DIP@SLDR 28480 120090607 
AgXUS! 120000607 0 SOCKET@IC 16=CONT DIP=SLDR 28480 1200°06907 
AgXxUuSs2 120000438 7 SOCKET=IC 14eCONT DIPSSLDOR 28480 120090638 
a? 01615066513 | 9 1 BOARD ASSEMBLY, POWER SUPPLY 28480 01619966513 
arc! 018000230 0 8 CAPACITOR|@FXD 1UF+e20% SOVDC TA $6289 1500105x00S50a2 
ArC2 0180002306 0 CAPACITOR|@FXD {UFse20X% SOVDC TA $6289 1500105x0050a2 
arcs 018000230 0 CAPACITOR@FXD 1UFee20X% SOVDC TA 56289 150D010SxX0050a2 
avca 018000230 0 CAPACITOR@FXD 1UFe"20% SOVDC TA $6289 1500105xX00S0a2 
arcs 018000116 1 2 CAPACTTOR@FXD 6 BUF+=10% S5VDC TA $6289 150D68Sx9038B2 
are 016002058 9 CAPACTTOR|FXD [o1uF ¢80020% 100VDC CER 28480 116092085 
ave? 016003643 1 : CAPACITOReFXO .1UF #80020% SoyDe CER 2848n 016003443 
A7CB 016002197 0 { CAPACITOR|eF xD 1OPF 05% 300VDC MICA 28480 016002197 
a7cq 018002750 3 2 CAPACITOREFXD 3300UFei10n=10% 6,3VDC AL $6289 67203 38H6R3ZJEQC 
a7Cio 01600016! 4 3 CAPACTTOR|FXD ,niuF +#210% 200yVDC POLYE 28480 016080161 
area 016062055 9 CAPACITORSFXD (oUF +80~020% 100VDE CER 28480 016022085 
arCia 016003508 9 7 CAPACITOReFXO {UF +80820% SOVDOC CER 28480 016063508 
A7C13 016003443 1 CAPACITOReFXD .sUF #80020% SovOt CER 28480 016003443 
avCia 0160~2055 9 CAPACITOR@FXO .o1UF #80020% 100yDC CER 28480 01602088 
A7C1§ 016003443 { CAPACTTOReFXD .1UF #80=20% Sov0C CER 28480 016003443 
A7Ci6 018000116 1" CAPACITOReFXD 6 AUFeet10x% 35VDC TA 56289 1500685X903882 
a7ci? 0160=0161 4 CAPACTTOR@FXD [OYUF +e30% 200V0C POLYE 28480 016080161 
a7Cia 018002750 3 CAPACTTORSFXD x300UFe! 00010% 6, 3VDC AL 56289 67203 38NORZJELC 
a7rcy@ 016003508 9 CAPACITORSFXD {UF #80-20% SOVDE CER 28480 016003508 
a7C2o 016002055 9 CAPACITOREFKD [O1UF ¢80=20% 100V0C CER 28480 0160=2088 
arvcas 016003508 9 CAPACITOR@FXD 1UF #80020 SOVDC CER 28080 016053508 
Arcee 016003508 9 CAPACITOR@FXD {UF +80020% SOVDC CER 28480 016003508 
ayCry 190160662 3 6 DIODEsPWR RECT 100V 6A 0471s MRIS] 
a7vcee 190100662 3 DIODEsPwR RECT 100V 6A 04713 MR7$} 
A7CRY 190190662 3 DIODE*PWR RECT 100V 6A 04713 MR7S 
A7CRa 190160511 { { DIODE SPWR RECT sN3889R SOV 124 200N8 04713 1N38489R 
A7CRS 188400266 8 ) THYRISTOR=SCR 2N6400 TOm220A8 VRRMBSO 01928 2N6400 
AICRE 190160662 3 DIODEePWR RECT 100V 6A O4713 MRIS{ 
ATCR7 19016666 3 DIODESPWR RECT i66V 6A C4Fss MR7St 
a7cre 190100791 9 1 OIODE=PWR RECT 4N3889 SOV 124 200N8 D0eu 85967 1N3889 
AYCR® 190100040 | DIODE SSWITCHING 30V SOMA 2N8 00035 28486 190160040 
A7CRIO 1848400276 |? i THYRISTORSTRIAC 70e220AB 28480 168400276 
arcRrit 190180662 3 OIODESPWR RECT 100V 6A OurLy MR7§1 
A708, 214000493 =| 5 { LAMPeINCAND §§ 7VDC 41MA God {/2eBULB 08806 5S 
1 1 
} avei } O3e0017a9a 17} 2 | CONNECTOR@SGL CONT PIN ,OUS=INoBSCO8Z SO | 28480 | 039061788 H 
ATFY 2110-0002 | 2 | RESISTOR|VAR CONTROL WW SO 10% LIN | 28480 | 210060002 
AyFo 2110-0002 8 PEStsroReyan ConrRoL ww SO 10% LIN 28480 210020002 
ATF 211900528 =| 4 2 FUSE 10A 128V FasTeBLO 1,25X.25 UL 312010 
ATFa 211000828 (4 FUSE 104 125V FAST=BLO 1,25x.25 UL 312010 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Model 1615A 


Table 6-1. Replaceable Parts (Cont'd) 


Reference HP Part D isn Mfr | 
; . escription Mfr Part Number | 
Designation | Number P Code 
rect 236020195 0 4 SCREWeMACH 6032 ,S12eTNeLG PANeHDePOZ] 00000 ORDER BY DESCRIPTION I 
athe 242060001 | 9 NUTeHEXOW/LKAR BaS20THD ,199CTNOTHK 90000 ORDER BY DESCRIPTION | 
ATH 274020093 i3 2 NUT@HEXOWs/LKWR 19e32eTHD .125eINOTHK 00000 ORDER BY DESCRIPTION 
i 1 
a7kd 9140e02a42 9 2 COIL 1O0UH 19% .9370X1,62S5LGeNOM 28480 914000242 | 
Arve 914000242 9 COIL 1O0UH 19% ,937DOX1, 625LGeNOM 28480 9140°0242 i 
ATMPy 038080327 0 2 SPACERSRND .125eINOLG .09eTNaID 28480 038900327 | 
AT7MPy 1205=0310 2 § HEAT SINK $G6L Thw3eC$ 28480 1205e0310 
ATMpa 140060493 6 2 CABLE TIE ,96201,25eDIA .1 dew N¥L 28480 149080493 
A7Q4 1953090454 0 { TRANSISTOR PNP 39N4918 ST Phazon FI SyMHZ O4713 2Na918 
a7Qe 18S400215 t TRANSISTOR NPN ST PDS3S50%W FYa3Q0MHZ 04713 2N3904 
A7Q3 185u09300 5 1 TRANSISTOR NPN ST POs25w FTS4MHZ 28480 18$4e0300 
a7Qa 185300036 2 TRANSISTOR PNP ST PNasiovW FT aasqmMHZ 28uan 1853-0036 
ATR, 075700479 2 } RESISTOR 392k 1% .y25W F TCeDt+el10n 19701 MF UCL sB aT 03925 0F 
a7Ro 06B4a6811 3 2 RESTSTOR 489 1X *2SW FCO TCeeddn/eonn o11éi C364931 
A7R3 078729473 6 1 RESISTOR 221k y% .125W F TCene=100 24546 Coat /BmTOmgaise& 
ATRG 06R 301505 0 ' PESTSTOR 15 5% .25" FC TlaaucnssSoo ort?) CB1505 | 
ATRS 06872201 ;3 2 RESISTOR 22 10% ,SW CC TCwosai2 o112t £82201 | 
ATR6 075729442 «=| 9 RESTSTOR 10K 1% ,125W F TCBOemI100 24546 Coal /BaTOal0020F | 
ATR? O757e0 414 i§ RESISTOR 432 1% ,128W F TCEN+e100 245u6 Coat /AaTOs432huF 
A7RA 075709290 5 1 RESISTOR 6,19K 1% ,125W F TCeteol00 1979} ME 4C1 /B0T0061 91 oF 
AFRO 068302225 3 1 RESISTOR 2,2k Sx ,eSw FC TCaebO0s+700 o1iei CB2225 
ATRIO 064301205 =| 7 2 RESISTOR 12 5% .25W FC TO8e400/4500 01123 cai205 
ATRy4 075700278 i9 5 PESTSTOR 3.78% 1% ,125H F TCEO+0e100 26sdeo Chat /Bul Oui 781 of | 
aTPi2 210003352 =? 1 RESISTOReTRMR yk 10% C SIDESADJ feTRN 26480 210003352 
APRS O81190e17S8 = 8B 8 RESTSTOR ,2u Sy 2W PW TCE0+e800 75002 BYH2e24/1000d 
arya OMte1 758 =| 4 RESISTOR 20 Sx aw Pw TCED+=800 7Soue BwHoe2d/1 000d 
ATRIS O81101758 8B PESTSTOR ,2u Sx 2w Pw TCEn4=800 75042 BWH2e2u/1 000d 
ATR16 0683-0275 lg 4 RESISTOR 2,7 5X ,25W FC Tow-u00/4500 o1se2! | Ch2765 i 
ATR? 068390685 = 5 i RESISTOR 6,8 5% +250 FC ToedN0/4500 oitel cheacs 
ATRIAB 075720200 =? 1 RESISTOR S,62k 1% ,125W F TCRO+0100 2u5u6 Chm aT 0 eS O21 oF 
ATRIS 0683-0275 =| 9 RESISTOR 2,7 Sx ,25W FC TCe-d0074500 alte CH27G6S 
ATR20 06840560! 17 2 RESTSTOR 56 10y% ,25w FC Tea=40074500 ovat cAS5601 
ATR2e1 0683-43025 3 1 RESISTOR 3K Sx .25w FC tOsed00/4700 o1tel ch3025 
a7Rea 210003351 16 RESISTOR@TRMR So0 10% C g1DE~AdJ 1eTRN 26uan 21006335} 
ATR23 069860085 10 1 RESISTOR 2,61K 1% .125w F TCwOset On 24546 Cunt /BoT0udeiiuF 
ATR2G 068305125 | 8 ! RESISTOR 5S,1K Sy .25W FC TCaed0074700 ite c85125 
a7Ras j 06672201 /3 RESISTOR 22 1n¥ 25 CO Tos0s+dt2 oltet £82201 
A7R26 06983150 b 1 | RESISTOR 2,37K yx ,125H F TCmosetc0 24540 | Chat/MatOu23710F 
ATRo? 068301015 = 7 i RESTSTOR 100 Sx ,254% FC TCaed0n/+S00 0112) | C81035 
a7Roa 068 3e0275 i9 RESTSTOR 2,7 Sx ,25w FC TC 240074500 oLiel | C2765 i 
ATR29 068301205 | 7 RESISTOR 12 5% ,25W FC TCe9G00/+500 o1t2t CR1205 
ATR30 068453921 io 3 RESTSTOR 3,9K 19% .25W FC TCmed0076700 o1i2s Ca3921 
A7R31 068606811 3 RESISTOR 6860 10% ,25W FC TCwnt007+600 oitet CBeaii 
ATRS$2 O7S7e0d14 = § RESISTOR 432 1x wi25w F TCe0+e100 24546 | Chal /BwTOedSZR ak i 
ATR33 0811017548 (8 RESISTOR .24 Sx 2w PW TOw0+0800 75042 | BWH2620/1 000d | 
ATR34a 081401758 a RESISTOR ,24 Sx¥ Qw Pw TC8D+-800 75042 | BwH2e2d/1000J \ 
ATR3S O8t1e17S8 = B RESTSTOR ,24 SY AW Pw Tla0s~hO0 75942 | BWH202d/1 000) | 
i 
A7RY6 075700442 9 RESISTOR 10K tx ,125" F TCeOse100 24Su6 Chol BolT Onl O02eF | 
ATR? 075700438 /3 RESISTOR S,J1K 1% .125w F TCedse~190 24846 C4w{ /BeTOeSi i ior | 
ATR38 068300275 = 9 RESISTOR 2,7 5x ,25W FC TleedQose5o00 olte! Ch2765 ' 
ATR39 068405601 7 RESISTOR 56 10% ,25w FC TesedotseSo00 oltes C8560! | 
ATrRag 081101758 A RESTSTOR .24 Sy 2W PW TCRO+e800 75042 BAM2e24/1000d 
ayRay 08611401758 a RESYSTOR ,24 SX aw PH TCaQse80N 78042 BAH2e26/1000e/ 
A7TPt 936000535 Q TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
ATTP2 036000535 0 TERMINAL TEST POINT PCB 00000 | ORDER AY DESCRIPTION | 
ATTPS 036000835 0 TERMINAL TEST POINT PCS 00009 ORDER By DESCRIPTION i 
A7TPa 0456000535 | 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
a7Tes 0360e0835 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
A7TR6 036000835 ) TERMINAL TEST POINT PCB 00000 ORDER SY DESCRIPTION j 
ATUL 182000439 0 i IC Vv RGLTR 1deDyPuP O7263 723°C 
AqU2 182660006 7 4 IC 304 Vv RGLTR 700100 07263 UASOGHE 
ATVRy 190203104 6 2 OIODESZNR S.62V $% OD=7 POs.dW Cer. 0;6% 28680 | 19023104 
avvR2 1902063104 6 DIODESZNR 5,62V 3X DOw? POs, OW Tlws 016% 28480 190203104 
A7XO81 148900584 | 1 LAMp SOCKET MIN7RaBAYoSKT 95263 | Jo3SxPii 
ATX 211020269 0 8 FUSEHOLDEReCLIP TYPE, 250eF USE 28480 | 211000269 
AYXFQ 211090269 860 FUSEHOLDER@CLIP TYPE, e250eP USE 28486 2110"0269 
ATXFS 241020269 =| 0 PUSEHOLDER@CLIP TYPE, 250=F USE 28480 | 211090269 
ATXFa 21020269 | 0 PUSEMOLDER@CLIP TYPE, 25D 0F USE 284806 | 2110"0269 
as | 01615-66508 2 : 1 BOARD ASSEMBLY, MOTHER | 28480 O16!Se—esoe | 
1 
| | i 
| | | | 
| 
es | | | 


aaa RECO TTT PT CPR ram introduction to this section for ordering information 
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Model 1615A 


Table 6-1. Replaceable Parts (Cont'd) 


Replaceable Parts 


Reference HP Part jc Description Mfr Mfr Part Number 
Designation Number |2 

0180=2770 7 CAPACTTOR@FXD .oy8Fe75e10K% BOVDC AL 0180%"2770 

018002770 ? CAPACTTORSFXD .o18F+7Sejox BaVOC AL 018002770 
Aeky oseoe1es3 |S a | CONNECTOR®SGL CONT PIN .ouS@INesScesz 80 | 28480 | 03601683 
ABEe 036001653 5 CONNECTOR@SGL CONT PIN .CuS=INeBSCH8Z 80 28u80 0360°1653 
ABEs 036001653 5 COMNECTOReSGL CONT PIN ,0d45efNeBSCa82 80 26u80 0360"1653 
ABE 036001653 | 5 CONNECTORSSGL CONT PIN ,G4SeINeBSCu8Z SQ | 28486 | 036001653 
agdi 125403195 4 2 CONNECTOR gePIN M POST TYPE 28480 125103198 
AgJe2 125193276 =| 2 1 | CONNECTOR 6@PIN ™ POST TYPE 28480 | 125143276 
ABJ3 1B5193195 | 4 CONNECTOR 4=PIN M POST TYPE 26480 | 125163198 
Asme; 038600689 5 FA SPACERsRYTsON ,ASeIN=_S ,iS8sINSID 20000 oedER By DEacetorion 
ABRy 068463924 0 REBISTOR 3.9K 10% ,25W FC TCme4n0/+700 o112i CB39a1 : 
ABR 068403921 0 RESISTOR 3,9K sox ,25W FC TCwed00/+700 91121 C83921 
ABRI 06983180 ie@ 1 RESISTOR 68 2% PW MO TCaden200 28480 069883180 
ABRY O7S7 e416 7 RESTSTOR S11 1% ,12@5WK F TC20+—100 24546 Cunt /BaT 0081 Ro 
ABXAt 12a5194ga7 ty) 7 CONNECTOR@PC EDGE SO*CONT/ROW 2=ROWS 26480 12a51=4§87 
ABXAD 12a51°4§8a7 0 CONNECTOR@PC ENGE SO@CONT/ROW 2=ROWS 26480 12514587 
ABXAS 125104587 i) CONNECTOR@PC EDGE SO@CONT/ROW 2eROWS 28480 125104567 
ABXAY 129104887 0 CONNECTOP=PC EDGE SO@CONT/ROW amROWS 28480 1251=4587 
ABXAS 125104587 0 CONNECTORmPC ENGE SdmCONT/ROW aeROWS 26480 1251-4587 
ABXAG 1251-487 0 CONNECTOR@=PC ENGE SoeCONT/ROW BeROWS 28480 125194587 
ABXAT 1281-458? 0 CONNECTOR@=PC ENGE SoeCONT/ROW 2=ROWS 28480 125194587 
ABXAS 1251°¢a84a7 2 { CONNECTOR 20=PIN M POST TYPE 28480 125194847 
ABXASS 185191886 6 i CONNECTOR@PC EDGE 15*CONT/ROW a=ROWS 28480 125121886 
Ag 01615656509 | 3 1 BOARD ASSEMBLY, PROBE THRESKOLD/INPUT 28480 01615-66509 
age) O160e3a4q3 i CAPACITOR=FXD ,1UF #80=20% SOVDC CER 28480 O1g0=3443 
Aga NL 6Ge3843 1 CAPACITOR@FXD ,1UF #809m20% 50VDC CER 28480 O160034R3 
Ag9C3 016003443 i CAPACITORSFXD .1UF #80"29% SOVDC CER 28480 916003443 
asta 016003403 1 CAPACITOR@FXD .1UF #80020% SOVDC CER 28480 0164083443 
Agcs 0160=3443 1 CAPACITORSFXD ,1UF +80—20% SOVDC CER 28480 01603043 
AgcRi 190160040 | DIODE SSWITCHING 30¥ 50Ma 2NS DO935 28480 1991=0040 
a9Cre 1901-9040 | MINDEeSWITCHING 30V SOMA 2NS DOe35 28489 | 1901*0040 
AGL4 916000158 6 { COTLeMLD 1UH 10% Q832 ,995D%,25LGeaN0M 28480 9140=00158 
AGRY 0757=0278 9 RESISTOR 1,78K 1% ,125W F TCaoeei00 24546 Cool /BuTOut 781i oF 
AgR2 075700419 0 RESIgrOrR 681 1% ,125W F rls0¢ei00 24546 Cunt /BaT0nb8 i RoF 
AORS 210003588 1 % RESISTOR|TRMR ink 20% COP TOPSADS 1m TRN 28480 21003588 
agRy 075720278 9 PESYSTOR 1 .7A8K 1% ,125W F TCaoenitt augue Cin1 /BuT Onl 781 oF 
AGRS 075709419 ) RESISTOR 681 1% ,125W F TCB80+=100 24546 CHel /Bol0a08 i Rok 
AQRE 210003588 1 RESTSTORaTRMR {nk 20% CCP TOPeADJ 10TRN 28480 210063588 
AOR? O787=0278 9 RESTSTOR ¢, 78K +e 126" F Tlagestag 24546 Coal sBel Nal 781 0F 
AGRA 075700019 0 RESISTOR 681 1% ,125w F TCBO+9100 24546 Conl /BeT0ab8 i Rok 
AGRO 210003588 1 RESISTOReTRMR 10k 20% CCP TOPSeAD! {aTRN 28480 210003888 
AQRIO 078720278 9 RESISTOR 1,7B8K 1% .125W F TOed+ei00 24646 Coal sReTOul 7hioF 
AOR14 075720401 0 RESISTOR 100 1% ,125W F TCRO0+e100 24546 Cum /BaTOnl Olek 
AGRI2 068400271 ? 2 RESISTOR 2,7 10% .25w FC TC mwdoos+500 o11e) CB2761 
AOR S 068400271 ? PESISTOR 2,7 10% .25W FC TCwad0o/s4500 o1lel CB276; 
A981 310102118 4 3 SwxITCHeTGL SUBMIN SPOT SA 120VAC 28480 Bioreaits 
A982 310102118 4 SWITCHeTGL SUBMIN SPOT 52 120Vac 28480 310192118 
A983 310102118 a SwITCHeTGL SUBMIN SPOT SA 120VAC 28480 310192138 
AQW) 016159616007 | 2 { CABLE ASSEMBLY, INTERCONNECT FOR a9 28480 01615961607 
A10 01615066510 | 6 1 BOARD ASSEMBLY, KEYBOARD 26480 0161566510 
A10C1 0180°0229 7? CAPACITORGFXD BgUFeulOX JOVOC TA 56289 1§00336x901082 
a1oc3 01603622 8 3 CAPACITOR®FXD ,1UF #¢80°20% 100VDC CER 26654 2130YSVIOOR104Z 
Aioca 016002198 | CAPACTTOR@FXD 20PF +eSX 300V0C MICA 28480 0160-2198 
A10Ccs 016002198 1 CAPACTTOR=FXD OoPF ¢eSx 300V0OC MICA 28480 016002198 
A10C6 016002198 | CAPACITORwFXD 2oPF #08 300VDC MICA 28480 0160"2198 
A1oc? 0160°2198 ii CAPACITOR@FXD 2OPF #e5X 300VDC MICA 28480 0160°21986 
a1o0ce 016022055 9 CAPACTTORSFXD ,O1UF 4800e20% 100V0C CER 28480 0160"2055 
aioce 0160°2055 9 CAPACTTOROFXD ,o1UF #80"20% 100VDC CER 26480 016092088 
410040 | 046093622 18 CAPACTTOR@FXD ,1UF *80"20% 100VDC CER 26654 213075V100R7002 
aioci! | 016003622 = B | CAPACITORGFXD ,1UF #80"20% 100VDE CER 26654 213075V100R1042 
A10€4 | 036001788 86 F CONNECTORegGL CONT PIN ,0USeINeBSCo8?2 90 26480 036003788 

i aggmes { g$sec0e18 4! BS | ACEEMIMACH GotD JB 2eTNoLS PANoHDRPOP! geod | ORDER Ay DEQCRIBTION ‘ 
| Al0MP2 ; 038000885 [2 3 | STANDOFFERVTeON |S3i1eINelLG beS2THD | 00000 ORDER BY DESCRIPTION 
ALOMPZ | 01618004701 | 7 { | SUPPORT, KEYSWITCH,SMEET METAL PLATE | 28480 01618904705 
ALOR! i 078720000 q a RESISTOR 90.9 1% .125W F TCBOsei00 agua Chai /baT Ong ORGuF 
A1oRe 075720284 ? RESISTOR 180 1% ,:2SW F TCRO+e!00 Chal Bol Onl Siok 
aiory 0735700280 3 RESISTOR 1K 1% ,125W F TCedset00 Chai sBo TOL OO oF 
A10RG 075700284 7 RESISTOR 1$0 tx ,125W F TCBOse100 Chel sBol Onl Siok 
AyoRS | 0684et O31 9 1 RESTSTOR {OK tow ,25W FC TCwebo0s/+700 CBy103s 
| 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


A19R6 
A, OR? 
a10R8 
ALORE 
A1OR10 


AroRit 
A10Ri2 
A10Rt3 


A1081° 
410836 


AL0U4 
A10u2 
A10U3 


ALON! 
a12 


413 


A13Ct 
A13Ca 
A13C3 
Ai3Ca 
A13cs 


413C6 
413C7 
as3ce 
ay3ce 
A13Ci0 


ascii 
ar3ci2 
ar3ci3 
A13Cia 
ai3cis 


ar3cié 
A13C1? 
413048 
a13C19 
413C20 


Ay3Cai 
a43C22 
433Ca3 
A1{3C24 
A13C25 


Ai 3C26 
A13C27 
413C26 
413C29 
413C30 


A13C31 
at3C32 
at3c33 
ar3c3a 
A13C35 


A13C36 
A13C37 


A13CR1 
ai3cre 
ALSCRS 
AL3CRG 
A13CR5 


A13CRe 
A13CR? 
A13CR8 
AL3CR9 


Ay3yy 
Aq3H2 
Ag3u3 
Ai3ua 
a13Hs 


Ay3He 
AY3H 
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HP Part 
Number 


078700439 
0757<0273 
0757202606 
a7S7eteee 
075720284 


073720280 
075700284 
075700400 


310102137 


162009491 
182061440 
$821¢0002 


01615-61606 
01615866512 


01611966503 


0160«0161 
014000199 
018920097 
015000106 
018000097 


016004455 
016003127 
016003830 
018920230 
0160009230 


018000230 
0160=3508 
018001701 
0160°3762 
016093762 


018060097 
0190~1819 
018G00097 
016063127 
018002667 


0189002306 
016022055 
016003508 
0s 8Get106 
018000097 


018000097 
016004449 
016023665 
016063665 
016003665 


0160°366S 
016003665 
01603665 
016002204 
018000106 


018000098 
016003508 


1901 ¢0 767 
190100040 
1904009029 
190100767 
190120029 


190120029 
190100767 
1961-0029 
190120029 


236000201 
242020003 
226000001 
219000018 
219000019 


308000016 
305000235 


iA ~“ Ow NwWwe oo 


-— 


o 


uw 


Qo00 @~ wOoONo eS 


-etw~s sus“ OO 


wo ov ow “O00 09 


ao 02280 


ocoe-2 


ve op ruuno eo oo 


Qty 


43 


LY aed ~~ 


- 


Coewe o 


roe 


Table 6-1. 


RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESTSTOR 


6,41 
3.91 
{K 1 
iK ft 
150 


RESISTOR 
RESISTOR 
RESTSTOR 


1K 1 
130 
90,9 


SWITCH=PB $P3g 


Tc DCDR TTL B 
Ic LCw TTL LS 
TRANSISTOR AR 


CABLE ASSEMBL 


BOARD ASSEMBL 


BOARD ASSEMBL 


CAPACTTOR@F xD 
CAPACTTORAFXD 
CAPACTTOR|FXD 
CAPACTTOReFxXD 
CAPACTTOR]F xD 


CAPACTTORaFXD 
CAPACTTOR&FXD 
CAPACTTOReFXD 
CAPACTTOReF XD 
CAPACTTORGF XD 


CAPACITOR@FxXD 
CAPACI TOR@FXO 
CAPACI TOR=FXH 
CAPACTTORSFxXO 
CaPacTTOR|eFX0 


CAPACTTOR|FxD 
CAPACTTOR|FXD 
CAPACITOR=F x0 
CAPACTTOR=FXO 
Capacrrore®xd 


CAPACITOR|FXO 
CAPACI TORSF xD 
CAPACTTORF XD 
CAPACTTORSF XD 
CAPACTTOR|F xO 


CAPACTTOR|F XO 
CAPACTTOR|F xD 
CAPACTTOR@FxXD 
CAPACITOR FXO 
CAPACTTORSFXD 


CAPACTTOR@F KO 
CAPACTTORSFXD 
CAPACTTOR@FXD 
CAPACTTOR«@F XD 
CAPACTTORwFXD 


CAPACI TOReF XD 
CAPACITOR FxD 


OTODE@PWR REC 
DIODE=SwITCHI 
OITODEsPwR REC 
OIGOE=PWR REC 
OIODE@PWR REC 


REC 
REC 
REC 
REC 


SCREWeMACH be 
NUT eHE XeDBL&C 
NUT eHE xX eDBL of 
WASHER@LK MLC 
WASHER@LK KLE 


OICDESPWR 
OIODEeP wR 
DICOEaPWR 
DIODE sPWR 


WASHEReFL MTL 
WASHEROFL MTL 


Replaceable Parts (Cont'd) 


Description 


K 4% et2SW F TCagreino 
K 4% .t25W F TCm04~100 
% [125W F TCa20e0100 

% ,12@35wW F TCade~0{00 

1% ,125W F Teade~i00 


% ,125mW F TCs04+0190 
1% 21254 F TC8O0+e100 
1% ,125w F TC8040100 


Tend “OM 


CHelOeDEC aTO0f MeL INE 
QUAD 
Rhy 


Y, KEYBOARD 
Y, EXTENDER 


¥, DISPLAY ORIVER 


eO1UF 019% 200yNC POoLYE 
240PF +e5x¥ SoovOd mica 
O7UF+e10% 35V0C TA 
oouFee20% ey TA 
aTUPSe1gx% 35yVOC TA 


19UF 010% SOVOC METePOLYC 
2922UF 405% 4n0V0C POLYE 
SUF 010% SOVOC METePOLYC 
1UFse20% SavOC TA 

1UFss20x% SoVOC TA 


1jFee20X% SOvVDC TA 

{uF +#80820% SOVDC CER 

6 AUF +ee20% evOt TA 

eQAUF 405% SOVOC MET@POLYC 
eGHUF 408% SOVDC MET=POLYC 


47UF¢e10% S5VDC ya 
100UF4+75e10% SovOc AL 
47UF+=10% 3SVOC TA 
eOO2UF +e5x sooVOC POLYE 
1So0uFe~tox 20v0c TA 


1UFse20x% SOVOC TA 

eOLUF +80020% 100VDC CER 
1UF +B80020% SoVDC CER 
6OUF+e20% VOC TA 
S7UPFe~tox 35VOC TA 


A7UFeeio% 35V0C 74 

B200PF 4010% doov0C POLYE 
eO1UF #80020% SgavOe CER 
-ciUF #8020% Soovde CER 
eOLUF ¢80020% SOOVDC CER 
oor CER 
eO1ur 


$80°20% 
#80020% SoovOe CER 
.OLUF 4800202 Soovoe CER 
100PF 405% 300v0C MICA 
60UFse20% BVOC TA 


Soovoc 


1O0UPse20% 2oyOC TA 
{UF ¢8050e20% SoVOC CER 


T goov 6A 
NG 30V SOMA 2N8 0035 
T @00V 750MA 00029 
T aQOV 6A 
T 600V 7S0MA DOm29 
T e00V¥ 00029 
T aooVv 6A 
T 600V 750MA 
T G00V 750MA 


32 eSeTNolG PANeHDwPOZT 

HAM 6°32eTHD ,09GeTNeTHK 
HAM HadQeTHD eO9deITNoTHK 
L NO, © ,S41eINeqD 

L NO, © .ttSefNeyDd 


000829 
00-29 


C NO, & 247% eT Nw ID 
C NO, & 117 eITNoID 


See introduction to this section for ordering information 
*Indicates factory selected value 


Model 1615A 


Mfr Part Number 


Cua{/BaTQwgsiioF 
Cue /RoTQaZO11 oF 
Cool /BaTOelO0laF 
Coot sBaTQolociar 
Coal ba Onl Siok 


Cool /BoTOml OO ak 
Cool sBeT Onl Si oF 
CUel /8eT IHF ORIG 


310102137 


SN7UL{45N 
SN7TALS279N 
CA3045 


01615=61606 
01613=66512 


01611266503 


0169000161 

OM SFauiJoso0nviCr 
1500476x903582 
150%606x0006B82 
159D476x903582 


016994485 
663UN223554W2 
016003830 
150D0105xX00S0A2 
1500105X00S0A2 


1500108x00s0A2 
0160=3508 
150N68Sx0006A2 
0160°3762 
016093762 


1500476x903882 
39D0107G0S00H2 
1500476x9035S82 
O63uW22354w2 
1500157x902082 


sSoDio$xooSode2 
016022055 
016003508 
1500606x000682 
1500476x903582 


15004676x903882 
016004849 
016063665 
016003665 
016003668 


0160°3665 
0160°3665 
016003965 
0160082204 
1$00606x0006B82 


1500107x002082 
016003508 


7 754 
1901=0040 
190120029 
7 754 

1901"0029 


190100029 
7 736 

190120029 
190100029 


ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 
22600001 
219009018 
21900089 


305090016 
305000238 


Model 1615A Replaceable Parts 


Table 6-1. Replaceable Parts (Cont'd) 


nce LUD Dart 
Lo tu tare 


Number 


Description 


00 


910003930 4 COIL 2,5MH 10% ,6250X1,a37LGeNOM 9100"3930 
910063877 8 COTL=MLD 290MH BRFRIKHZ 9100°3877 
91000393! is COIL FOOUH 10% ,sOX1,437LG=NOM 910083034 
A13La 01611986001 \8 INDUCTOR, FXO 0,6 UH 28480 01611=86001 
A13L5 914900111 1 COITL=MLD 3,.3UM 10% Ge33 ,1550xK,375LGeNOM 28480 91d0"0111 
Ad 3MP{ 12050310 2 MEAT SINK SGL TO=3eCS 28480 $208~0310 
A13MpQ 038000364 9 3 STANDOFFeRVTOON 1,2S5eINelLG om32THD 26480 0380=0384 
AL3MP3 1400-9249 i) 2 CABLE TIE .062=,625eDIA ,091mWwD NyL 28480 140080249 
Ay3Q4 18S400758) 0 3 TRANSISTOR NPN PNS840 SI TOn3 POaioow 07263 2Ns8ug 
A1302 18Sd00558 § { TRANSISTOR NPN SI OARL POM70W FTR1MHZ 28480 1854=0558 
Ay303 1953-0334 3 t TRANSISTOR PNP gy DARL PDsTon FT|ayMHzZ Oa7t3 MJELO80 
A13Q4 185400215 1 TRANSISTOR NPN SI POE3S5OMW FTa300MHZ o4713 2N39048 
A1305 185400330 1 1 TRANSISTOR NPN SI POBe1W FTE10MHZ 28480 185480330 
A1306 185400751 0 TRANSISTOR NPN 2NS840 SI TOe3 PDSIOON 07263 2N5840 
A1307 188400215 1 TRANSISTOR NPN Sf PDS3504W FT R300MHZ 04713 2n3g04 
A13aa 1853-0036 2 TRANSISTOR PNP ST POG3LOMW FTR250MHZ 28480 1853=0036 
a13a9 185400751 0 TRANSISTOR NPN 2N5840 SI TOe3 PDsioow 07263 2n5840 
A13610 1854009215 1 TRANSISTOR NPN SY POS3SOMW FT e300MHZ 04713 2N3904 
Ar3qit 185400215 1 TRANSISTOR NPN gi POm3SOMW FresoOMHZ 04713 2N3904 
Ai3ai12 185400215 1 TRANSISTOR NPN SI POS3SOMW FTB3OOMH? O4713 2N3904 
413613 185309036 2 TRANSISTOR PNP gt POM3LOMW FreeSomMHz 28480 195300036 
ALR 0757-0812 7 i RESISTOR G32 1% ,SW F TCs040100 28480 078700812 
- ay3R2 075720442 9 RESISTOR 10K 1% ,125H F TCeoe~100 24546 Cunt /8aTOulO02eF 
AL3RY 081101678 1 2 RESISTOR 10 SX ak PW TCepewd00 75042 BWH20{0ReJ 
Ay3Ra 069803605 6 { RESISTOR 15 Sx BW MO TCe0450200 27167 FPuzu2eT00uiSRoad 
AL3RS 0757=0401 0 RESISTOR ino 1% ,12SH F TCs040100 24sue Chat /BuT0mi tink 
A13Re 2100"3576 7 | RESISTOReVAR CONTROL CC SO 10% LIN ote! 73MGGO248800U 
ar3eq 0757~=0280 3 RESTSTOR 1K 1% ,325W F TCaedeel00 24546 Coal /BaTOsl 001 =F 
Ay3R8 075720457 6 9 RESISTOR U7,5K 5% et25W F TCw0ee100 24546 Cuwy /BuTOmu7S2eF 
A13R9 078720487 6 RESISTOR 47,5K 1% ,f25W F TCsO+9100 2u5u6 Cool /BuTOeuTS2eF 
A13R10 075700457 6 RESISTOR a7,S5K 1% ,128" F TOw0se100 24usue Cuwl /BwTOeg7S2eF 
Ay3Rri1 075720457 6 RESISTOR 47,5K 1% ,125W F TCadeet00 zusue Cool /BolTbud?S2uP 
Ai3ai2 075700283 6 RESISTOR 2k 1% .125H F TCs0e"100 24546 Chel /BuaTOm20010F 
Ad3R43 075760283 6 PESISTOR ak 1% .125W F TCBO40100 2usue Chel /BaTOw200i oF 
AL3Rq4 210003252 6 4 RESISTOReTRMR Sk 10% C TOPeADY 10TRN 28480 210083252 
Aq3R1S 0757-0283 6 RESISTOR 2k 1% 125" F Tledee100 2uGue Chel /BalGu200i oF 
AL3R16 075790437 2 3 RESISTOR U.7SK 4% .125W F TOsQe9100 24546 Couey /8eTOeu7S1 oF 
A13R17 0757-0488 3 3 RESISTOR 909K {x ,125W F TCadee100 28480 075720088 
Ay3Aq8 210003213 9 1 RESTSTOReTRMR 200K 10% C TOPeADS JoTRN 28480 210003213 
aq3R19 075760470 3 2 RESTSTOR 162K 1x ,125W F TCe040100 2usue Chol /BalTOuib2ial 
A13R20 0787=0394 0 RESISTOR 51,1 14% ,125W F TCs0se100 24usue Choi /BaTOuS{ Rick 
Ay3Ray 078790437 2 RESISTOR u,7SK 1% .125W F TCwOeni 00 24usue Chel /8eT 0047S) oF 
at3eR22 O757—0490 3 RESISTOR 142K 1% ,128W F TEs0e0el00 24eds Ceol /BeT0alee3eF 
A13R23 210003252 6 RESISTOReTR¥R BK 10% C TOPeADS 10eTRN 28480 210063252 
Ar3rea 069805437 6 2 RESTSTOR 12K tx ,125w F TCaOe=80 264806 069805437 
A13R25 06960437 6 RESISTOR 12K ,1% ,125w F TCwOseS0 26480 06980843? 
Ar3R26 069805420 7 2 RESISTOR 3,87Gn .1X% ,125w F TCO+0eS0 28480 069805820 
Ay$R27 069805420 ? RESISTOR 3.87GK (1% ,128W F TlB0+e5O 28u8o 069855420 
A13R28 075700467 6 RESISTOR 200 1% ,125W F 1CBOve100 24546 Cowl /BoTOm20i oF 
Ay3R29 075700437 2 RESTSTOR 4, 75K ix ,125W F TCBOeet00 2aSue Chol /8aTOmdIS1 of 
AL3R30 075700283 = 6 RESTSTOR 2k 1% .125W F TCB0e0106 2u8de Conf sBaTOu200LaF 
AL3RM 075700401 fr) RESISTOR 100 1% ,125W F TERO+e100 24546 Chal /BoTOel101oF 
A13R32 081101671 a { RESISTOR 2,7 SX 2W PW 10804400 75042 BWH2=2RT7e) 
AL3R33 075709804 7 1 RESTSTOR 200 1% , SW F TCHO+0100 28480 075700804 
AL3R34 07572040) 0 RESISTOR 100 3% ,125W F TC80e=100 24546 Choi /BeTOolOioak 
A13R35 075700487 =| 6 RESISTOR U7,SK 1% ,125W F TCeQe-100 24546 Coot s8aTOed7S2eF 
i] 
A13R%6 0757=20487 6 RESTSTOR 47,5K 1% ,125W F TCeQee100 24846 Chal /Beal Oak TS2eF 
A13R437 075750437 6 RESISTOR 47,5K 1% ,125W F TCaQee100 245u6 Chol sal Oak ?S52eF 
AL3R38 075700487 6 RESISTOR U7.SK ix ,1285W F TEeos0100 24sue Chel /BuT0ed7S20f 
A13R39 073720280 3 RESTSTOR 1K 1X [paSW F TlaceetO0 24546 Chel sBaTOelO0loF 
A13R40 210003252 6 RESTSTOReTAMR Sx 10% C 7TOPeADS 1°TRN 28486 2100e3252 
AL3RGY 0757202860 =| 3 RESISTOR 1K 1x ,125W F TCeo+e100 24846 Chet /bulTOulO0leP 
Ay3R42 0757-0280) =| 3 RESISTOR 4K 1% ,125W F TCs0e0100 24540 Edel sHaTOSiD0ieF 
ay3ra3 081101678 1 RESISTOR 10 5% aw Pw TCB0ee400 75042 BHH2e1ORad 
AY3Ra4 06840104) | 2 RESTSTOR {00K 10% .25W FC Tlwed007+809 este! C81041 
Ad3R45 210000569 = 2 i RESISTOReTRMR 1M 20% C TOPeADY 1=TRN 28480 2100=0869 
i] 
AISRG6 Obbueioal if RESISTOR 100K 10% .25W FC Tle=400/4800 oltel C8104) 
ay 3R47 O78799uaB =| 43 RESTSTOR 909K 1% .12e5W F TCBO4s100 28480 075790488 
a13Rr48 | 075700488 | 3 RESISTOR 9O9K 1% .125W F TC80¢=100 28480 075700488 
1 a¢3eue i 978?sg487? 6! { RESTATOR 47 8K gy ,1985W F Thmosat ao { 24846 | Cuats8aTOmd7S20F | 
i AL3RS0 {| 075700401 | 0 | RESISTOR 100 1% ,125W F TCsOs0100 24846 | Coal sbelOulOlaf | 
| 
ASRS) | 078729159 | § 2 | RESTSTOR 3K 1% .Sw F TCmgeejog | 28489 | 078790159 
A13RG2 ; 075700398 0 RESISTOR Si.i ty ,12SW F TCHgeei 06 24546 Choi (Bal OeS{Ri ak 
A13R53 075700390 80 RESTSTOR S1.1 1% .125W F TCw0+—100 Ceamt /BaTOmSIRI oF 
a13R80 069800090 3? RESISTOR 464 1% ,SW F TOM0e=100 069820090 
AI3RSS 075720412 = 3 RESISTOR 365 1% ,125W F TC#0+~i00 Cool /sBaTOaZQSRor 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Model 1615A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference HP Part jc ae Mfr 
ati Qt Description Mfr Part Number 

Designation | Number {9 Y P Code 
a13R56 078729284 7 RESISTOR 150 1% ,125W F TCHds=100 24846 Cool /beT Onl SiofF 
A13R57 0757-0469 0 RESISTOR 150K 1% .125W F TCm04~100 24546 C4mi/BeT001S030F 
ai3R56 075700453 2 RESISTOR 30,1K 1% ,125W F TCaO+=100 24546 Coal /beT0e3SO120F 
ar3pse C7S70G480! 0 RESTSTOR {00 tx ,1@5W F Tesdeol00 24546 Chal fBoTQat Oar 
413R60 210003214 0 RESISTOR@TRMR 100K 10% C TOPeADJ 1eTRN 26480 210003234 
Ai3re1 210003252 6 RESTSTOReTRMR SK 10% C TOPeADJ teTAN 28480 210053252 
AL 3R62 075720139 5 RESISTOR 1K 1% .SW F TCwOsel00 28480 078700159 
Aq3Ty $06101228 1 28480 $061¢1228 
Ai3T2 910003927 9 TRANSFORMER FLYBACK 28480 910003927 

AL3TPy 0360°0335 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
Ar3TP2 03600835 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AL3TP3 036000535 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AL3T®a 036000535 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AL3TeS 036000535 9 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AL3TPS 036000835 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
aiste?7 036000535 () TERMINAL TEST POINT PCB 00000 ORDER BY DEBCRIPTION 
at3Tes 036000535 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
A13TP9_ 036000535 0 TERMINAL TEST POINT PCB 00000 ORDER SY DESCRIPTION 
A13re10 036000535 C) TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION 
AL3TP1t 036000535 0 TERMINAL TEST POINT 00000 ORDER BY DESCRIPTION 
ar3rei2 036020535 0 TERMINAL TEST POINT PCB 00000 GROER BY DESCRIPTION 
AL3U4 182600284 9 OP AMP GP BaDTMeP O4713 MCLVTaLSCPy 

ai3ue 1626-00254 9 IC OP AMP GP BeDtPaP 04713 MC47U1SCP4 

AL3U3 182600254 9 IC OP AMP GP BoDTPaP 04713 MC17418CP4 

Aq3ua 182600254 9 IC OP AMP GP GeDTPeP ourty MC17418CP1 

413us 182001422 3 My TTL LS MONOSTBL RETRIG 01295 SN7T4LS8122N 

A13U6 162001796 4 DRVR TTL CUAL aeINP 27014 DS3e11N 

AL3VRY 190280041 4 DIODE SZNR S.11V S¥ D007 POM, dW Tlee, 009% 28480 190280041 

AiSvR2 190200593 1 DIQDESZNR 43, 2y 10% DOe1S POwgn Tae 08% 28486 190200893 


Table 6-2. List of Manufacturers’ Codes 


ANY SATISFACTORY SUPPLIER 


ALLEN@BRADLEY CO MILWAUKEE WI 

TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS 1x 75222 | 

RCA CORP SOLID STATE DIV SOMPAVILLE NJ 08876 

MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX az 85062 

ETRY INC BURR RIDGE tL 60521 

FAIRCHILD SEMICONDUCTOR Dry MOUNTAIN VIEW CA 9u04e2 

SPECTRASSTRIP CORP GARDEN GROVE CA 92642 

GE CO MINIATURE LAMP PROD DEPT CLEVELAND OK waise 

GENERAL INSTR CORP SEMIDON PROD GP HICKSVILLE NY 11802 

MEPCO/ELECTRA CORP MINERAL WELLS = TX 76067 

CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701 

VARADYNE INC SANTA MONICA ca 90404 

NATIONAL SEMICONDUCTOR CORP ~ SANTA CLARA CA 95051 

CORNING GLASS WORKS (WILMINGTON) WILMINGTON nC 28401 

vVaRO SEMICONDUCTOR INC GARLAND rx 75040 

HEWLETT@PACKARD CO CORPORATE WO PALO aLTo cA 94300 

ADVANCED MICRO DEVICES INC SUNNYVALE Ca 54086 

: FMC SEMICONDUCTOR PRODUCTS OPER BROOMFIELO co 80020 

56289 SPRAGUE ELECTRIC Co NORTH ADAMS MA 01207 
T2136 ELECTRO MOTIVE CorP sue TEC WILLIMANTIC er 06226 | 
T5042 TRw INC PHILADELPHIA DIV PHILADELPHIA Pa 19108 i 

TS915 | LITYELFUSE INC DES PLAINES tL 60086 
84411 TRW CAPACITOR DIV OGALLALA NE 69153 | 
99263 LEECRAFT MPG CO INC LI crry NY 11101 | 
95987 WECKESSER CO INC CHICAGO IL 60641 | 
t 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Model 1615A 


Manual Changes 


SECTION VII 
MANUAL CHANGES 


7-1. INTRODUCTION. 


7-2. This section contains information required to back- 
date or update this manual for a specific instrument. 


7-3. MANUAL CHANGES. 


7-4. This manual applies directly to the instrument 
having the serial prefix shown on the manual title page. 
If the serial prefix of your instrument is not the same as 
the one on the title page, find your serial prefix in table 7- 
1 and make the changes to the manual that are listed for 
that serial prefix. When making changes listed in table 
7-1, make the change with the highest number first. 
Example: if backdating changes 1, 2, and 3 are required 
for your serial prefix, do change 3 first, then change 2, 
and finally change 1. 


7-5. Ifthe serial prefix of your instrument is not listed 
either on the title page or in table 7-1, refer to an enclosed 
MANUAL CHANGES sheet for updating information. 
Also, ifa MANUAL CHANGES sheet is supplied, make 
all indicated ERRATA corrections. 


Table 7-1. Manual Changes 


Serial Prefix Make Changes 


| 1742A 5 thru 1 
1825A 5 thru 2 
1849A 5 thru 3 
1905A 45 
1922A 5 


CHANGE 1 


Table 6-2, 

A7: Change HP and Mfr Part Nos. to 01615-66507. 

Delete: A7C22. 

A7CR5: Change to HP Part No. 1884-0082, THYRSCR 
2N4441. 

A7CR10: Change to HP Part No. 1884-0217, THY- 
RISTOR-TRIAC. 

Delete: A7R40 and A7R41. 

A7VRI1: Change to HP Part No. 1902-0041, DZ 5.11 V 
5%, 400 MW. 


Schematic 2, 

Delete: A7C22, A7R40, and A7R41. 

A7CR5: Change HP Part No. to 1884-0082 and Mfr 
Part No. to 2N4441. 

A7CR10: Change HP Part No. to 1884-0217 and Mfr 
Part No. to MAC-10-2. 

A7VRI: Change HP Part No. to 1902-0041, Mfr Part 
No. to SZ10939-98, and value to 5.11 V. 


CHANGE 2 


Table 6-2, 
A5: Change HP and Mfr Part Nos. to 01615-66505. 
A5U2: Change to ROM 6 — Not part of standard 
instrument. 
Add: A5XU2. Same as A5XU8. 


Schematic 8A, 

Delete: A5U2. 

Add: A5U2, ROM 6, in parallel with ROM 0 
through ROM 5. 

A5U1 pin 9: Connect to ROM 6 pin 20. 

LRAMA: Show supplied by pin 7 of A5U1. 

U25C pin 10: Disconnect from A5U2 pin 7 and 
connect to LRAMA. 


CHANGE 3 
Table 6-2, 
Delete: J4. 
MP55: Change HP and Mfr Part Nos. to 01615-00202. 
Delete: A7DS1, A7E1, A7MP1, and A7XDS1. 


Schematic 2, 
Delete: +5-volt circuit from A7 to J4. 


CHANGE 4 


Table 6-2, 
A6: Change HP and Mfr Part Nos. to 01615-66506. 
A6C8: Change to HP Part No. 0140-0199, CAPACI- 
TOR-FXD, MICA, 240pF, 5%, 300V, Mfr Code 28480, 
Mfr. Part No. 0140-0199. 
Delete A6XU51. 


Schematic 10A, 
A6R2/A6C3 Junction: Add TO U14 PIN 1. 
U51 Pin 11: Add TO U14 PIN 1. 
A6C8: Change value to 240 pF. 


Schematic 10B, 
U14A pin 1: Show signal from A6R2/A6C3 junction. 


CHANGE 5 


Table 6-2, 
A5: Change HP and Mfr Part Nos. to 01615-66515. 
Add A5R38, HP Part No. 0757-0280, RESISTOR 1K 
1% .125W F TC=0+100, Mfr Code 24546, Mfr Part 
No. C4-1/8-TO-1001-F. 


Schematic 8B, 


U18C: Disconnect pin 9 and reconnect it to +5V 
through new resistor A5R38, 1000 ohms. 


7-1/(7-2 blank) 


Model 1615A 


Service 


SECTION VIII 
SERVICE 


8-1. INTRODUCTION. 


8-2. This section contains schematics, component 
location drawings, and troubleshooting information for 
making repairs to the 1615A. The component location 
drawings are placed just ahead of the schematic(s) 
which show most of the parts on the assembly. Table 8-1 
lists the drawings contained in this Section. 


Table 8-1. 1615A Schematics 


Schematic 
Circuitry No. 


Assembly A1 

Data Probe Inputs 

Qualifier Multiplexer 

Memory Address MIC and MAC 


Assembly A9 
Probe Thresholds 


Assembly A2 


Clocks 7A 
Trigger and Delay 7B 
Trigger and Clock 7C 
Assembly A3 
16-bit Memory 6A 
Glitch Trigger 6B 
Assembly A4 
Data Acquisition 5A 
P/O Glitch Detectors 5B 
P/O Glitch Detectors 5C 
Assembly A5 
Microprocessor and ROM 8A 
Trigger Line/ Keyboard Pulse/Expand 8B 
Indicator/Display Control/Memory 
Dump 
Assembly A6 
Video Timing Logic 10A 
Microprocessor spe and Alpha- 10B 
numeric Generato 
Timing and Video Logic 10C 
Assembly A7 
Power Supply 2 
| Assembly A& 
Mother Board | 


Assembly A13 
Display Driver 


Assembly A10 
Keyboard 


8-3. TROUBLESHOOTING WITH STATUS 
CODES. 


8-4. Ifa malfunction is detected during certain instru- 
ment self tests, the 1615A will halt the test and display a 
status code on screen. The status code indicates machine 
status at the time that the malfunction was detected. 
Proper interpretation of the status code offers a clue to 
the nature of the malfunction. 


8-5. A typical display of a status code is TEST 
FAILED, STATUS = 271. The status code is an octal 
number. It contains the status of seven different 1615A 
functions. Each function is assigned a different binary 
weight. A binary 1 indicates that the associated status is 
true; binary 0 indicates that the status is false. The 
following instrument status statements are included in 
the status code: 


0 - NOT USED — ALWAYS LOW 
1 - NOT USED — ALWAYS HIGH 
\X - 8-BIT MEMORY IS VALID 
- 16-BIT MEMORY IS VALID 


X 

X - EXTERNAL CLOCK IS RUNNING 
X - NO 8-BIT TRIGGER 
X - NO 16-BIT TRIGGER 
X 


x | 
Ly - 8-BIT RUN COMPLETE 
X - 16-BIT RUN COMPLETE 


8-6. The following description shows interpretation of 
the status code for TEST FAILED, STATUS = 271. 


- NOT USED — ALWAYS LOW 
- NOT USED — ALWAYS HIGH 
- (FALSE) 8-BIT MEMORY IS VALID 


- (TRUE) 16-BIT MEMORY IS VALID 

- (TRUE) EXTERNAL CLOCK IS 
RUNNING 

- (TRUE) NO 8-BIT TRIGGER 


- (FALSE) NO 16-BIT TRIGGER 
- (FALSE) 8-BIT RUN COMPLETE 
- (TRUE) 16-BIT RUN COMPLETE 


- Oo © 


8-7. Status code 271 indicates the following: 
The 8-bit memory is not valid. 
The 16-bit memory is valid. 
The external clock is running. 
8-bit trigger has not been found. 
16-bit trigger has been found. 
8-bit run has not been completed. 
16-bit run has been completed. 
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2.9 TAO! il ESHOOTING WITH SCELE TEST 
BUNS ee ws rik 


vuru. WEE Ee Whe 


OF DATA-ACQUISITION HARDWARE. 


8-9. During the self test of the data-acquisition hard- 
ware, the microprocessor sets up 21 traces, each witha 
different format and trace specification. For each trace, 
the 1615A makes a run and then the microprocessor 
reads the status code and first line on screen. This infor- 
mation is compared with the status code and first line 
that should be obtained in each test. If an error is 
detected in either the status code or first word, the micro- 
processor stops the self test immediately and displays 
the status code on screen. The CRT also displays the 
data obtained during the run if the trace was completed. 


8-10. All of the data-acquisition circuitry is checked by 
the data-acquisition hardware self test, except for the 
following: 

Data probes. 

Clock qualifiers. 

Internal clock. 

Asynchronous trigger duration. 

Glitch detection and triggering. 

Time delay. 

External trigger. 


Hird Ae op 


8-11. Table 8-2 lists the 21 traces which make up the 
data-acquisition hardware self test. The traces are per- 
formed in the order shown in the table. If the 1615A fails 
self test, compare the TRACE SPECIFICATION and 
FORMAT SPECIFICATION contained within the 
1615A with table 8-2 to determine which one of the 21 
traces failed. All preceding traces will have passed, and 
the 1615A will not have checked any of the traces that 
followed. 


NOTE 
The following conditions are true in all of the 
traces: 
QUALIFIERS .................. XXXXXX 
8-BIT CLOCK ............... EXTERNAL 
8-BIT TRIGGER DURATION ..... 100 NS 
GLITCH TRIGGER................. none 


8-12. In the data-acquisition hardware self test, the 
input counter/latches (A1U31 through A1U34, A4U17, 
and A4U31) are configured as counters. The self-test 
clock from the front panel is supplied to the counter/ 
latches which count from 00 to FF (hex) continuously. 
All six counter/latches are synchronized and all are 
reset at the same time so that they always have the 
same count. 


8-13. If the self test fails, the counter/latches will 
remain in the counter mode until a change is made to 
either the FORMAT SPECIFICATION or the TRACE 
SPECIFICATION. 


8-14. To perform the self test of the data-acquisition 
hardware, proceed as follows: 
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a. Connect the clock input lead from the clock poa 
to the SELF TEST CLOCK terminal on the 1615A front 
panel. 

b. Hold the B key down on the keyboard and 
switch LINE power off and on. 

c. Release the B key. 

d. If this self test fails: 


(1). Look at FORMAT SPECIFICATION and 


‘TRACE SPECIFICATION to determine which trace 


failed. 


(2). Determine why trace failed by looking at the 
normal first line and status listed in table 8-2 and 
comparing with display on 1615A. 


Table 8-2. Self Test of Data-acquisition Hardware 


Trace Specification/ 
Trace; Format Specification Normal Test Results 
Setup 


MODE 24 BIT FIRST LINE: 
000 OBOBOB 


STATUS = 363 
TRACE ALL STATES 

2 |MODE 24 BIT The trigger specified 
never occurs. This test 
makes sure there is no 
trigger recognition. Be- 


trigger XXX$X$ 
DELAY 000000 


TRACE ALL STATES |cause the input counter/ 
latches are synchro- 
nized, no data is cap- 
tured and displayed. 


STATUS = 374 


3 |MODE 24 BIT 
START TRACE 
trigger X$XXX$ 
DELAY 000000 
TRACE ALL STATES 


4 |MODE 24 BIT 


FIRST LINE: 
000 555555 


DELAY 000000 
[TRACE ALL STATES |STATUS = 363 


| 6 |MODE 24 BIT mst LINE: | 
ISTART TRACE 000 AAAAAA 


| trigger AAAAAA 
| DELAY 000000 
| ITRACE ALL STATES |ISTATUS = 363 


LS enRnRnene a aS ean | 
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Table 8-2. Self Test of Data-acquisition Hardware (Cont’d) 


Trace Specification/ 
Format Specification 


wen now ae 


Setup 


7 |MODE 24 BIT 
START TRACE 


Normal Test Results 


This trace checks that 
the 16/24-bit delay 
trigger AAAAAA counters continue de- 
DELAY 1048575 lay for a full 1048575 
TRACE ALL STATES }jclocks. The y»P stops the 
run before 1048575 
clocks to find no trigger 


accepted and no run 
complete. The 1615A 
should display no data. 


STATUS = 374 


MODE 24 BIT 
START TRACE 
trigger AAAAAA 
DELAY 000255 
TRACE ALL STATES| STATUS = 363 


FIRST LINE: 
000 A9ASAI 


MODE 24 BIT 
END TRACE 
trigger AAAAAA 
DELAY 000255 
TRACE ALL STATES 


FIRST LINE: 
132 2E2E2E 


STATUS = 363 


MODE 24 BIT 
START TRACE 
trigger XSX5X5 
DELAY 000000 
TRACE TRIGGER 
EVENTS 


FIRST LINE: 
132 555555 


STATUS = 363 


MODE 24 BIT 
START TRACE 
trigger XOXOXO 
DELAY 000005 
TRACE TRIGGER 
EVENTS 


FIRST LINE: 
132 555555 


STATUS = 363 


MODE 8 BIT 
START TRACE 
trigger 54 

DELAY 000000 


FIRST LINE: 
000 55 


MODE 8 BIT 
START TRACE 
trigger AA 

DELAY 000000 


FIRST LINE: 
000 AB 


STATUS = 363 


MODE 8 BIT SAME AS TRACE 7, 
START TRACE EXCEPT FOR 8-BIT 


| trigger AA 1 DELAY COUNTERS. ; 
| DELAY 1048575 | | 


15 |MODE 8 BIT FIRST LINE: 
trigger AA 000 AA 
DELAY 000255 


STATUS = 363 


Trace Specification/ 


Format Specification Normal Test Results 


Trace 


16 |MODE 8 BIT 


DELAY 000255 


MODE 16 & 8 BIT 
8 TRIGGERS 16 
116-BIT: 
START TRACE 
8-BIT: 
START TRACE 
trigger AA 
DELAY 000255 


MODE 16 & 8 BIT 


trigger KXXX 

DELAY 000000 
8 BIT: 

START TRACE 

trigger AA 

DELAY 000000 


19 |MODE 16 & 8 BIT 


trigger AAAA 
DELAY 000000 
\8 BIT: 
| START TRACE 
trigger XX 
DELAY 000000 


MODE 16 & 8 BIT 
16 TRIGGERS 8 
16-BIT: 
START TRACE 
trigger AAAA 
DELAY 000000 
8 BIT: 
START TRACE 
trigger XX 


NDT A ANNAN 
VELAY VOCS 


| 
| 


| trigger X5X5 
OCCUR 000011 

8 BIT: 

START TRACE 

trigger AA 

DELAY 000000 


FIRST LINE: 
000 AB 


FIRST 16-BIT LINE: 
000 AAAA 


FIRST 8-BIT LINE: 
000 AA 


STATUS = 363 


FIRST 16-BIT LINE: 
000 ACAC 


|FIRST 8-BIT LINE: 
000 AB 


STATUS = 363 


FIRST 16-BIT LINE: 
000 AAAA 


FIRST 8-BIT LINE: 
000 AB 


STATUS = 363 


FIRST 16-BIT LINE: 
000 AAAA 


FIRST 8-BIT LINE: 
000 AA 


STATUS = 363 


FIRST 16-BIT LINE: 
000 5555 


| FIRST 8-BIT LINE: 
000 AB 


STATUS = 363 
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8-15. TROUBLESHOOTING WITH SIGNA- 


TURE ANALYSIS. 


8-16. GENERAL SIGNATURE ANALYSIS. Logic 
circuitry normally executes nonsequential program 
instructions. This places changing data patterns 
throughout the logic circuitry. The signature analysis 
test technique forces the microprocessor to continuously 
execute a limited test routine. This places repetative 
data patterns throughout the logic circuitry. 


8-17. Asignature analyzer is used to probe data points 
within the logic circuit. The signature analyzer displays 
a 4-digit alphanumeric code (signature) which 
characterizes the activity measured during the test 
period. This manual lists the signatures taken from a 
properly operating 1615A. If the listed signatures are 
the same as those obtained by your signature analyzer, 
the related logic circuit is operating properly. If other 
signatures are obtained, use normal troubleshooting 
techniques to locate the source of the malfunction. 


8-18. SIGNATURE ANALYSIS TEST SETUPS. There 
are four separate test setups for troubleshooting the 
1615A using signature analysis: DSA Setups A through 
D. Each test setup checks a different activity in the 
digital circuitry. The red letters printed on the 
schematics indicate the DSA setups to use when 
checking signatures on the associated IC pins. If A5U1 
pin 5 has a D printed in red on the schematic, use DSA 
Setup D when checking the signature on that IC pin. 
Each of the four DSA setups are described in the 
following paragraphs. 


8-19. DSA SETUP A. This setup is used to collect 
signatures from each of the eight lines in the data bus 
over that portion of the microprocessor address range 
where ROM 0 through ROM 5 are active. 


8-20. The bidirectional data buffers (A5U12 and 
A5U24) are removed from A5 to isolate the 
microprocessor from the data bus. The DSA jumper on 
Ad is placed in the SA position during this test setup to 
apply the MOV A TO A instruction to the microproces- 
sor. This causes the microprocessor to continuously 
perform a read and then increment its address. The 
signature analyzer is connected so that it turns on 
when ROM 0 is enabled and turns off when ROM 5 is 
disabled. 


8-21. DSA SETUP B. This setup consists of seven 
separate DSA test setups: (BO through B6). Each 
separate DSA setup is used to collect the signatures on 
the data bus that are supplied by only one of the five 
ROMs. DSA setup BO takes the signatures from ROM 0, 
B1 takes signatures from ROM 1, etc. 


8-22. The equipment setup for each of these tests is the 


same as for DSA Setup A, except that the signature 
analyzer start and stop lines are connected to the chip- 
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select pin of the ROM to be analyzed: chip select of ROM 
0 in DSA Setup BO, etc. 


8-23. DSA SETUP C. This setup is used to collect 
signatures from each of the sixteen lines in the address 
bus over the entire microprocessor address range. This 
setup is also used to obtain signatures from the address 
decoding circuits that are enabled during microprocessor 
read cycles. , 


8-24. The equipment setup for these tests is the same as 
for DSA Setup A, except that the signature analyzer 
start and stop lines are connected to address bit 15 from 
the microprocessor. The signature analyzer starts when 
bit 15 goes high, and then stops when bit 15 goes high 
again. This establishes a measurement window that 
contains the entire microprocessor address range. 


8-25. DSA SETUP D. This setup is used to collect 
signatures from each of the sixteen lines in the address 
bus over the entire microprocessor address range. This 
setup is also used to obtain signatures from the address 
decoding circuits that are enabled during microprocessor 
write cycles. 


8-26. The bidirectional data buffers (A5U12 and 
A5U24) are removed from A5 to isolate the micro- 
processor from the data bus. For this test, the DSA 
jumper on Ad is left in the NM (normal) position. This 
applies the RESTART 7 instruction to the micro- 
processor, causing it to perform a write function and 
then decrement its address. The signature analyzer is 
clocked by the microprocessor write-not (WR) line. The 
start and stop lines of the signature analyzer are con- 
nected to address bit 15 from the microprocessor. The 
signature analyzer is set to start when bit 15 goes high 
and stop when bit 15 goes high again. This allows the 
signature analyzer to capture a measurement window 
that contains the entire address range. 


8-27. TROUBLESHOOTING AN INCO- 
HERENT DISPLAY. 


8-28. If the 1615A has an operating display, but the 
displayed information is random clutter, the cause of 
the 1615A malfunction can be detected by using the 
signature analysis procedures described for schematics 
8A and 8B (the microprocessor assembly). To 
troubleshoot an incoherent display, proceed as follows: 


a. Check the specified VH. 
(1). Ifthe VH is correct, proceed to step b. 


(2). If the VH is not correct, check the power 
supplies, microprocessor clocks, and reset line. Make 
sure that the signature analyzer is connected and 
adjusted as specified in the procedure to be run. If all of 
these checks are correct, replace microprocessor A5U11. 
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b. Perform signature analysis procedures as 
described in DSA Setup A. 


(1). ' If normal indications are obtained, check 
the buffers that were removed from A5. Then check 
RAM chips A6U15 through A6U17 and the control 
signals according to DSA Setup D. If all of the above are 
normal, check the other display driver IC’s on A6. 


(2). If abnormal indications are obtained, check 
DSA Setup C for A5U1 as described in step c. 


c. Perform signature analysis procedures on 


A5U1 as described in DSA Setup 


(1). If abnormal indications are obtained, 
replace A5U1 and recheck. 


(2). If normal indications are obtained, check 
address buffers A5U10 and A5U23, and the address 
pins on microprocessor A5U11. If this does not locate 
the problem, then perform DSA Setup B to check the 
address lines on each ROM on A5. ROM 0 contains the 
self test that detects errors in the other ROM’s. Check 
ROM 0 (DSA Setup BO) first. Before checking ROM 0, 
remove the other ROM’s from Ad to avoid obtaining bad 
signatures due to interaction with an adjacent ROM. 
8-29. TROUBLESHOOTING NO DISPLAY. 
8-30. Use the following procedure to troubleshoot a 
1615A which has no display: 


a. Remove top and left side covers. 
b. Apply power to 1615A and turn on LINE switch. 


c. Check all power supply voltages to Al3 (see 
schematic 3 and component locator on back of sche- 
matic 2). 


d. Check high voltage circuit on A13. Horizontal 
deflection circuit and video amplifier require voltages 
from high voltage circuit. 


e. Verify horizontal sync (HHSY), vertical sync 
(HVSY), and video (VIDEO) signals from A6 (schemat- 
ics 10A through 10(C). 

f. Ground test point Al3TP5. Observe fully un- 
blanked horizontal and vertical raster (white screen) on 
1615A CRT. If not, check waveform on A13TP4 to verify 
video amplifier operation. 


Jumper Al3TPS to +6 volt 


zg. s 
fully blanked. If not, check A13TP4 t 
amplifier operation. 


lay chauld ha 
Cy Vssavusvee vu 


verify video 


ag 
ro Re 


h. Check for deflection currents (spikes) at A13TP8 
and A13TP9. A malfunctioning positioning circuit can 
place the display off screen. The deflection circuits can 
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be isolated from the positioning circuits by removing 
A13R4 or A13R33; this will produce a slightly offset 
display. 


i. If A13U6, A13Q1, or A13Q9 fail, check A13C2, 
A13C7, and A13C27. An open circuit or decrease in ca- 
pacitance may permit a destructive increase in peak 
voltage across A13U6 or A13Q9. 


j. Correction magnets on deflection coils are per- 
manently attached and are not adjustable. Inspect them 
for damage if display distortion is observed. 


8-31. SHOCK HAZARD MODIFICATION. 


8-32. Instruments with serial numbers 1825A00626 
and below may have a shock hazard on the line voltage 
terminals of the rear-panel power socket when the 
power cord is disconnected. A bleeder resistor installed 
across these terminals will eliminate the shock hazard. 
Remove the two screws holding the power socket to the 
rear panel and pull out the socket as far as possible. 
Solder a 4.7-megohm resistor (1/2-watt, carbon 
composition, HP Part No. 0687-4751) across the line 
voltage terminals. Then reinstall the socket. 


8-33. ASSEMBLY A8 INTERCONNECTIONS. 
(See figure 8-1.) 

8-34, Figure 8-1 shows signal paths on Mother Board 
A8 which interconnect assemblies Al through A6. The 
PINS column lists each pin on connectors XA1 through 
XA6. The signal mnemonic is shown on each active 
trace. These mnemonics are the same as the mnemonics 
used on the schematics. The board assembly which is 
the source of each signal is identified by the letter S. The 
designation NC identifies pins which are not connected 
to the installed board assembly. Unless otherwise speci- 
fied, all signals are TTL levels. 


8-35. The following paragraph is an example showing 
the use of figure 8-1. Pin 7 of assemblies Al and A2 are 
interconnected. The signal comes from A1, is the posi- 
tive external trigger, and is an ECL signal. Pin 7 of 
assemblies A3 and A4 are connected together. A4 sup- 
plies the signal. It is sampled data bit 1 in the 8-bit 
instrument, a TTL signal. 


8-36. MNEMONICS. (Refer to table 8-3.) 
8-37. Signals in the 1615A have been assigned mne- 
monics that describe their active state and function. The 
first letter of each mnemonic indicates the active state of 
the signal. The remaining letters indicate signal func- 
tion. When H is the first letter, it indicates that the 
function is active in the high state; L indicates that the 
function is active in the low state. For edge-controlled 
devices, P indicates that the function is active on the 
positive-going transition; N indicates that the function 
is active on the negative-going transition. Definitions of 
the mnemonics along with the numbers of the schemat- 
ics where each signal originates are listed in alphanu- 
meric order in table 8-3. 
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ASSEMBLIES ON MOTHER BOARD A8 


A1 A2 A3 A4 A5 A6 
O —5.2V O NC O O 
O —5.2V O NC O O 
© GND O (ECL) NC O NC NC 
© GND O (ECL) NC O NC NC 


m 
Q 
Le 
z 
O 
O 
Zz 
O 
Zz 
O 


© GND NC ( 


O +5V NC 


z 
0 
O 


S PETRG OQ(ECL © H8SD1 S S PDCLK O 


~~ 


S NETRG OQO(ECL O H8SDO S S NDCLK O 


ad 


z 
ro) 
| Zz 
oe) 


S NECLK O(ECL O H8SD3 S O GND NC 


S PECLK C\ECL) © H8SD2 S © GND 


O 


O N16SCLK (ECL) S O H8SD5 S S PCLK6 O 


z 
.@) 
z 
@) 


O P16SCLK (ECL) S O H8SD4 S 


z 
?) 


OH16TRGL S(ECL) O H8SD7 S NC 


OLi6TRGL S(ECL O H8SD6 S S NCHCLK O 


O GND O O GND O GND NC 


SHIGQLY O © GND O GND NC 


S! HBQLY O O H8SG1 S O HHB2 S 


O GND Oo O H8SGO S O LHB2 S 


O GND O O H8SG3 S © LHB3 S 


O H8SG2 S 


i 
i 
q 
i 
i 


f 
I 
HW 
| 


OLI6MWRT S 


Figure 8-1. Mother Board Assembly A8 Interconnections 
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| | ASSEMBLIES ON MOTHER BOARD A8 | 


bo ee eee ol 
© P16CCLK S$ | O H8SG5 S | S HTIME O 
22 | © GND NC | O H8SG4 S NC NC 
23 | S H16RCP QO | O H8SG7 S | NC NC | 
[i es 


(SEE PIN 59 
24 NC GND O O H8SG6 S S PCLK1 fe 


28 | NC GND O | S PFILTERCLK) O LALPH S§S 
30 NC §). -GERNOH NC (ECL) O S HREAD O 


31 NC s HGEITCH Nc(ECL) NC S HWR O 
32 NC S NC Beet oH CECL) | S HRAMW O | 
33 NC S N8SCLK NC(ECL) O 
34 NC S P8SCLK NC(ECL) O © GND NC 
35 NC O GND NC (ECL) O 
36 NC S L8TRGL NC(ECL) O 


37 | NC L8ATG O (ECL) NC S | | NC NC | 


38 NC H8ATG ~ OO (ECL) NC S NC NC 


ao | | © HDOECL NC (ECL) NC S | 


Figure 8-1. Mother Board Assembly A8 Interconnections (Cont'd) 
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ASSEMBLIES ON MOTHER BOARD A8 
Al A2 A3 A4 AS A6 


LDACQ 
‘@) (ECL) NC 


z 
?) 
Y 


| 44 S HUPC ‘@) | 


| Ss HUPC OO 
42 
° 
«| ae ee 
as 
“ 
47 O.ietTRC § fe) NC 
48 NCHI6TFP S O NC 
49 NCHI6TDLY § O NC 
50 NC O LIi6AT8 §S S LDT OO O 
a |[ noma SO 
52 NC O H8VME 5s NC 


oi 
@ 
=z, 
” 
z 
fe) 
Zz 
e) 
z 
e) 


C © H8TFP 


16) 
i 
i) 
O 
.?) 


54 NC O H8sTDY S M N 


55 NC O L8TRC S NC O LALPH2 S§S 
[ NcHestarT SON 


NC HHSY S 


on 
2) 
z 
>) 
Bi i 
oO 
o) 
+ 
> 
m8) 
4 
” 
= 
O 


57 NC O GND O NC NC NC 
58 NC P8TCLK Ss O S HM1 O NC 
(SEE PIN 24) 
59 NC NC NC NC Ss PCLK1 NC 
60 O HW15 O O NC Ss O 
Figure 8-1. Mother Board Assembly A8 Interconnections (Cont'd) 
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| | ASSEMBLIES ON MOTHER BOARD A8 | 


NC NC NC NC NC —12V © 

62 NC NC NC NC O +2V NC 
63 OHI6CTG § [ s uatre O |! nec Nc | 
Races ee, tl ee 


64 NC S H8CTG O NC NC NC 
65 NC16/24BTOUTS S. H8PAT NC NC NC 


ADJ 
68 VTHO CLK S N20MHZNC NC O NC 
ADJ—— 
69 l\VTHOPODS 2/3 O NC NC NMDCLK S NC | 
se Se 
71 NC S  P8CCLKO NC NC NC 


72 | NC S L8EMWRTO | | NC S HAB13 O | 


73 O GND O O NC S HAB12 NC 
74 NC O H8RCP § NC S HAB11 NC 
75 NC H8ATGT S O NC S HAB10 NC 
76 NC S HRST O O Ss HAB9 © 
77 NC NC NC NC S HABB O 
78 


FE GND O GND O NC O NC 


bt -o-] 
fy | 


| | emer ee : 
80 NC HAB5 NC O NC S O 


Figure 8-1. Mother Board Assembly A8 Interconnections (Cont'd) 
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ASSEMBLIES ON MOTHER BOARD A8& 
Al A2 A3 A4 AS A6 


O 
O 
on 
6 


O HR14 O N 


z 
O 
Zz 
O 
on 
O 


© HAB4 ~==NC 


NC O HAB3 NC NC S O 
NC HAB2 NC NC S 
© HAB1 O O NC S 


Zz 
.@) 
Ps 
©) 
Zz 
@) 
z 
.@) 
Zz 
© 
Zz 
>) 


O 
6 
O 
O 


© HDB7 O 


O 
5 
0 
O 


© HABO NC 


© HDBO e) O O O 


O 
O 
O 


© GND 


O GND 


O 
O 
O|;O 
O}|O 


O +5V 


O O 

O O|1O 
O 

O 

fed a one Pc 


© +5V 


Figure 8-1, Mother Board Assembly A8 Interconnections (Cont'd) 
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Table 8-3. 1615A Mnemonics 


| | | Signal | | 


Mnemonic Description Number Origin 


High 16-bit Arms 8-bit. Schematic 6B, 


Signal is true when using 16-bit arms 8-bit mode A3U2Z pin 6 
of triggering. 

H1I6DLYO High 16-bit Delay = 0. NA Schematic 7B, 
Signal is true when 16-bit or 24-bit delay is 0. A2U22 pin 4 

H16QLY High 16-bit Clock Qualified. (6) | Schematic 4B, 
Signal is true when the qualification is met for the A1P4 pin 16 
16-bit menu selection. ORed with 8-bit qualifier dur- 
ing 24-bit mode of operation. 

H16RCP High 16-bit Run Complete. (7) | Schematic 4C, 
Signal is true when 16-bit memory is full in modes A1P4 pin 23 
where selected trigger starts data acquisition. 

H16START High 16-bit Start Trigger. Schematic 7C, 
Signal is true when trigger delay starts data acqui- A2P1 pin 27 
sition in 16-bit and 24-bit synchronous modes. 

HI16STE High 16-bit Store Trigger Events. 2) Schematic 7B, 
During trace events mode in 16-bit machine, signal A2P1 pin 63 
true only when trigger is recognized. In all other 
modes, signal is always true. 

HI6TDLY High 16-bit Trigger Delay. Schematic 7B, 
Signal is true after the end of the trigger plus A2P1 pin 49 
selected delay period in 16-bit or 24-bit synchro- 
nous modes. 

H16TFP High 16-bit Trigger Flip-Flop. 63) | Schematic 7B, 
Signal is true after 16-bit or 24-bit trigger is recognized. A2P1 pin 48 

H16TR8 High 16-bit Triggers 8-bit. NA Schematic 6B, 
Signal is true when using the 16-bit triggers 8-bit A3U22 pin 3 
mode, or 24-bit mode. 

HI6TRGL High 16-bit Trigger Load, ECL. (7) | Schematic 7A, 

(ECL) Enables 16-bit trigger memory to accept new data A2P1 pin 13 
when true. Differential signal with LI6GTRGL(ECL). 

H16VME High 16-bit Valid Memory. Schematic 4C, 
Signal prevents trigger recognition until a full data Al1P4 pin 26 
memory is captured in end-trigger modes. True after 
255 data words are captured. 

H8ARMI16 High 8-bit Arms 16-bit. NA Schematic 7B, 
Signal is true when using 8-bit arms 16-bit mode U2U22 pin 6 
of operation. 

H8ATG High 8-bit Asynchronous Trigger, ECL. i (34) | Schematic 5A, 

(ECL) Signal true when asynchronous trigger specifica- | | A4P1 pin 38 


tion is met. Differential with L3ATG(ECL). 


H8ATGT High 8-bit Asynchronous Trigger, TTL. 


Schematic 7C, 


A2P1 pin 75 


Signal from 8-bit trigger circuitry. 
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Signal 
Description Number 


H8DLEXCK 


H8DLY0 


H8ECLK 


H8QLY 


H8RCP 


H8SD0 — 
H8SD7 


H8SD0*— 
H8SD7* 


H8SG0 — 
H8SG7 


H8SG0*— 
H8SG7* 


H8START 


H8STE 


H8TDY 


H8TFP 


H8TRG16 


Table 8-8. 1615A Mnemonics (Cont’d) 


High 8-bit Delay by External Clock. 
Signal is true when 8-bit machine is selected to 
delay by a number of external clocks, and false 
when 8-bit machine is using time delay. 


High 8-bit Delay = 0. 
Signal is true when 8-bit delay is 0. 


High 8-bit External Clock. 
Signal is true when operating the 8-bit machine 
from an external clock. 


High 8-bit Clock Qualified. 
Signal is true when the qualification is met for the 
8-bit menu selection. ORed with 16-bit qualifier dur- 
ing 24-bit mode of operation. 


High 8-bit Run Complete. 
Signal is true when 8-bit memory is full in modes 
where selected trigger starts data acquisition. 


High 8-bit Sampled Data. 
Eight-bit bus of sampled information to the 8-bit 
data memory. 


High 8-bit memory of Sampled Data. 


Eight lines carrying sampled data from 8-bit memory. 


High 8-bit Sampled Glitch. 
Eight-bit bus of glitch information to the 8-bit glitch 
memory. 


High 8-bit memory of Sampled Glitch. 
Eight lines carrying glitch information from 8-bit 
memory. 


High 8-bit Start Trigger. 
Signal is true when trigger delay starts data acqui- 
sition in 8-bit machine. 


High 8-bit Store Trigger Events. 
During trace events mode in 8-bit machine, signal 
true only when trigger is recognized. In all other 
modes, signal is always true. 


High 8-bit Trigger Delay. 
Signal is true after the selected trigger plus delay 
specification is met in the 8-bit machine. 


High 8-bit Trigger Flip-Flop. 
Signal is true after 8-bit trigger is recognized. 


High 8-bit Triggers 16-bit. 
Signal is true when using 8-bit triggers 16-bit mode. 


©) 


© © © © © © © ®@ 


@® ©@ 


Model 1615A 


Origin 


Schematic 7C, 
A2U25 pin 6 


Schematic 6B, 
A3U22 pin 4 


Schematic 7A, 
A2P1 pin 51 


Schematic 4B, 
Al1P4 pin 17 


Schematic 6A, 
A38P1 pin 74 


Schematic 5A, 


A4P1 pins 7-14 


Schematic 6A, 


A3P2 pins 11-18 


Schematic 5B, 


A4P1 pins 17-24 


Schematic 6A, 


A3P2 pins 3-10 


Schematic 7C, 
A2P1 pin 56 


Schematic 7B, 
A2P1 pin 64 


Schematic 6B, 
A38P1 pin 54 


Schematic 6B, 
A2P1 pin 53 


Schematic 7B, 
A2U22 pin 3 
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Model 1615A 


Mnemonic 


HABO — 
HAB13 


HDOECL 


HDSP0 


HEXC 


HEXPI 


HEXTR 


HGLITCHRESET 
(ECL) 


HGTRGENA 


ee 
an 
io) 
re 


Table 8-3. 1615A Mnemonics (Cont’d) 


Description 


High 8-bit Valid Memory. 

Signal prevents trigger recognition until a full 
memory is captured in end-trigger modes. True after 
255 data words are captured. 


High Address Bus from microprocessor. 
Address lines from 8080A microprocessor on A5 
board. 


High Data bit 0, ECL. 
Carries data for loading first 8 bits of 16-bit trigger 
memory. 


High Data Bus from microprocessor. 
Data to and from 8080A microprocessor A5U11. 


High Delay by Trigger Occurrences. 
Signal is true when using delay by trigger occur- 
rence mode. 


High Begin Display at Word 0. 
Signal is true when in timing diagram mode and 


aaéte expel N ie tn hn At erlavacd 
Gata Wora vu 18 W De Gispiayea. 


High Extra Cursor — not used. 
Always low. 


High Expand Indicator. 
Signal is high during display of the brightened 
(expandable area) segment of a timing diagram. 


High External Trigger. 
Signal is true when using external trigger for 8-bit 
machine. 


High Glitch Reset, ECL. 
Not used in 1615A. 


High Glitch Trigger Enable. 
True during glitch trigger modes. Extends duration 
of asynchronous trigger to ensure proper glitch de- 
tection. 


High Horizontal Blanking 2. 
Signal is true during horizontal retrace. 


High Horizontal Sync. 
20 kHz sync signal used to sync horizontal amplifier 
and low voltage power supply. Positive edge starts 
horizontal retrace. 


High Key Down. 
Signal is true when uP recognizes that a key is 


pressed. 


Signal 
Number 


NA 


NA 


@ 


Service 


Schematic 6A, 
A3P1 pin 52 


| 
Schematic 8A, 
A5P1 pins 72-80, 


or ano 


82-85, 88 


Schematic 4A, 
A4P1 pin 39 


Schematic 8A, 
A5P1 pins 87, 
89-94, 96 


Schematic 7B, 
A2U22 pin 5 


Schematic 8B, 
A5U36 pin 19 


A5P1 pin 47 


Schematic 8B, 
A5P1 pin 36 


Schematic 7A, 


A2U38 pin 5 


Schematic 7A, 
A2P1 pin 31 


Schematic 6B, 
A3P1 pin 63 


Schematic 10A, 


A6P1 pin 17 


Schematic 10A, 
A6P1 pin 56 


Schematic 10C, 


Schematic 8B, 
A5U35 pin 8 


Service 


HM1 


HM2 


HPOS EDGE 
EXT TRG 


HR14 


HRAMW 


HREAD 


HRST 


HSTATE 


HSTD 


HTIME 


HTLIN 


HTRACE 
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Table 8-3. 16154 Mnemonics (Cont’d) 


High Load Trigger. 
Signal is true when loading trigger memories prior 
to a run. 


High Magnify No. 1. 
Always low. Part of preloaded count for expanded 
segment of timing diagram. 


High Magnify No. 2. 
Always low. Part of preloaded count for expanded 
segment of timing diagram. 


High Positive Edge External Trigger. 
Signal is true when positive edge of external trigger 
is selected to turn on the 8-bit machine. Signal is false 
when negative edge selected. 


High Read 14. 
True when microprocessor commands a read other 
than ROM or RAM. Used in reads of 16-bit memory, 
8-bit memory, or instrument status from assem- 
bly A2. 


High RAM Write. 
Timing signal used when writing to display RAM. 
ANDed with HWR and LRAMA. 


High Read. 
This signal is true when microprocessor is reading. 


High Reset 900 nsec. 
Pulse initializes the glitch detectors, and the 16-bit 
and 8-bit trigger and delay circuitry. The negative 
transition starts the run. 


High State display. 
Not used. 


High Start Timing Diagram. 
Signal is true when 1615A is displaying timing dia- 
gram information. 


High display Timing diagram. 
Signal is true when display of timing-diagram infor- 
mation is selected. 


High Trigger Line. 
Signal is high only when displaying the location of 
the trigger word in timing diagram. 


High Trace. 
Signal is true during a data acquisition cycle. Used 
by uP to stop run when STOP key is pressed or after 
run is complete. 


NA 


NA 


NA 


Model 1615A 


Schematic 7A, 
A2P1 pin 66 


Schematic 8B, 
A4P1 pin 58 


Schematic 8B, 
A4P1 pin 54 


Schematic 7C, 
A2U25 pin 19 


Schematic 8A, 
A5P1 pin 81 


Schematic 8A, 
A5PI1 pin 32 


Schematic 8A, 
A5P1 pin 30 


Schematic 7C, 
A2P1 pin 76 


Schematic 8B, 
A5P1 pin 51 


Schematic 8B, 
A5P1 pin 44 


Schematic 8B, 
A5P1 pin 21 


Schematic 8B, 
A5P1 pin 35 


Schematic 7C, 
A2U25 pin 15 


Model 1615A Service 


Table 8-3. 1615A Mnemonics (Cont’d) 


Mnemonic Description Number Origin 


HTRACEE High Trace Events. 
Signal is true when using the trace trigger events 
capability of the 24-bit state mode. 


Schematic 7C, 
A2U25 nin 5 


Oe J 


Signal is true when data-acquisition circuitry is 
writing data into 16-bit memory. 


A2P1 pin 20 


L1I6TRC Low 16-bit Trace Point. 
Signal is true after trigger plus delay specification is 
met in 16-bit machine. 


Schematic 7B, 
A2P1 pin 47 


Q © 


A1P4/A4P1 


L1I6TRGL Low 16-bit Trigger Load, ECL. Schematic 7A, 
(ECL) Enables the 16-bit trigger memory to accept new data A2P1 pin 14 
when true. Differential signal with HI6TRGL(ECL). 

L24BST | Low 24-Bit State. (5) | Schematic 5A, 
Signal is true when 24-bit mode of data acquisition A4P1 pin 46 
is selected. Configures 1615A for 24-bit synchronous 
operation. 

Low 8-bit Asynchronous Trigger, ECL. G5) Schematic 5A, 
Signal true when asynchronous trigger specifica- A4P1 pin 37 


HUPC High microprocessor Cycle. Schematic 8A, 
A5P1 pin 41 
HVSY High Vertical Sync. Schematic 10C, 
Signal used to sync vertical amplifier in display A6P1 pin 48 
driver. Positive transition initiates vertical retrace. 

HW15 High Write 15. Schematic 8A, 
Signal is true when microprocessor A5U11 is out- A5P1 pin 60 
putting information on data bus to locations other 
than ROM or RAM. 

HWR High Write. Schematic 8A, 
Signal is true when microprocessor is writing. A5P1 pin 31 

HX1 High magnify display X1. Schematic 8B, 
Signal is true during unexpanded displays of tim- A5P1 pin 39 
ing diagrams. Low when expanding by X10. 

HX10 High Magnify Display X10. Schematic 8B, 
Signal is true during expanded displays of timing A5P1 pin 49 
diagrams and false during unexpanded displays. 

KSTB Keyboard Strobe. (73) | Schematic 8B, 
Current pulse that strobes selected column of keys on AdQ2 Col. 
keyboard. 

L16/24STG Low 16/24-bit Synchronous Trigger, ECL. (9) Schematic 4A/5A, 

(ECL) True when selected synchronous trigger is recog- 
nized. pin 43 

L1I6AT8 Low 16-bit Arms or Triggers 8-bit. 67) Schematic 6B, 
Signal is true when either 16ARMS8 or 16TRG8 A3P1 pin 50 
mode of triggering is selected. 

LI6MWRT Low 16-bit Memory Write. Schematic 7A, 

| | 


tion is met. Differential with H8ATG(ECL). 
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Service 


A ais sft 
Table 15A Mnemonics (Con 


Model 1615A 


Signal 
Description Number 


L8MWRT 


L8TRC 


L8TRGL 
(ECL) 


LALPH 


LALPH 2 


LDACQ 
(ECL) 
Also TTL 
on 5A 


LTD 


LGL 


LGLITCHRESET 


(ECL) 


LGLITCHSET 
(ECL) 


LGLS 


LHB2 


LHB3 
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Low 8-bit Memory Write. 
Signal is true when data-acquisition circuitry is 
writing data into 8-bit memory. 


Low 8-bit Trace Point. 
Signal is true after trigger plus delay ePoatauons is 
met in 8-bit machine. 


Low 8-bit Trigger Load, ECL. 
Enables both 8-bit trigger memories to accept new 
data when true. 


Low Alphanumeric display. 
Signal is true during displays of alphanumeric char- 
acters on 1615A CRT. 


Low Alphanumeric display 2. 
Signal is true during display of alphanumeric char- 
acters on 1615A CRT. 


Low Data Acquisition, ECL. 
Parallel-enables all input data latches. True during 
data-acquisition modes. False during trigger memo- 
ry load plus self-test. 


Low Dual Threshold. 
Not used in 1615A. Normally high. 


Low Glitch. 
Signal is true when display of glitches is selected for 
timing diagrams, and high when glitch display is 
turned off. 


Low Glitch Reset, ECL. 
Positive edge resets glitch detection flip-flop at the 
start of each clock cycle. 


Low Glitch Set, ECL. 
Preloads glitch detectors according to the logic levels 
at the start of each clock cycle. 


Low Glitch Set. 
Signal is true every tenth clock during expanded dis- 
plays. It prevents multiple displays of a single glitch 
during expanded displays. 


Low Horizontal Blanking 2. 
Signal is true to blank display during horizontal 
retrace period. 


Low Horizontal Blanking 3. 
Signal is true during horizontal blanking to extend 
display blanking until arrival of next display clock. 


Low Key Reset. 
Signal is true when uP is not reading keyboard. When 
true, this resets keyboard latches. 


© @ ®© ® ®@ 


Z 
> 


©) 


@®@ ® © 


@ © 


©) 
©) 


Schematic 7A, 
A2P1 pin 72 


Schematic 7C, 
A2P1 pin 55 


Schematic 7A, 
A2P1 pin 36 


Schematic 10A, 


A6P1 pin 28 


Schematic 10A, 


A6P1 pin 55 


Schematic 5A, 
A4P1 pin 41 


Schematic 8B, 
A4P1 pin 50 


Schematic 8B, 
A5P1 pin 52 


Schematic 7A, 
A2P1 pin 32 


Schematic 7A, 
A2P1 pin 30 


Schematic 8B, 
A5P1 pin 20 


Schematic 10A, 


A6P1 pin 18 


Schematic 10A, 


A6P1 pin 19 


Schematic 8B 
A5U35 pin 3 


Model 1615A 


Mnemonic 


LMACLD 
LMRST 
LPCKS 
LRAMA 


LRST 


N16SCLK 


N8SCLK 


NCHCLK 


NDCLK 


NECLK 
(ECL) 


NETRG 
(ECL) 


N20MHZ 


NMDCLK 


Table 8-3. 1615A Mnemonics (Cont’d) 


Description 


Low Memory Address Counter Load. 
Parallel-enables MAC in 8-bit memory. 


Low Master Reset. 
True before a data-acquisition run to reset memory 
index and address counters and input latches in 8-bit 
and 16-bit machines. 


Low Positive Clock Slope. 
True when positive edge of external clock is selected 
to obtain data. False when negative edge is selected. 


Low RAM Address. 
Signal is true when microprocessor is addressing 
locations in the display RAM. 


Low Reset. 
900-ns true pulse that resets 16-bit trigger circuitry 
prior to a data-acquisition run. Positive transition 
starts the run. 


Negative-edge 16-bit Sample Clock. 
Not used in 1615A. 


Negative-edge 20-MHz clock. 
Clock source for microprocessor board. Available 
whenever 1615A has operating power applied. 


Negative-edge 8-bit Sample Clock. 
Not used in 1615A. 


Negative-edge Character Clock. 
Clock for character counters used during alpha- 
numeric displays. 


Negative-edge Display Clock. 
Clocks for the character generator during alpha- 
numeric displays and the graticule generator during 
timing diagram displays. 


Negative-edge External Clock, ECL. 
External clock signal from clock probe for use in 


some data-acquisition modes. Differential of 
PECLK. 


Negative-edge External Trigger, ECL. 
Negative edge of signal used to trigger data acquisi- 
tion in 8-bit circuitry in external trigger modes. Sup- 
plied from clock probe. Differential of PETRG. 


Negative-edge Memory Dump Clock. 
Signal available only when dumping 8-bit memory 
to generate timing diagrams. 


Signal 
Number 


NA 


Service 


Schematic 7B, 
A5P1 pin 27 


Schematic 7C, 
A2P1 pin 42 


Schematic 7C, 


A2U25 pin 16 


Schematic 8A, 
A5P1 pin 29 


Schematic 7C, 
U50 pin 3 


Schematic 7A, 
A2P1 pin 11 


Schematic 7A, 
A2P1 pin 68 
Schematic 7A, 
A2P1 pin 33 
Schematic 8A, 
A5P1 pin 14 


Schematic 8A, 
A5P1 pin 8 


Schematic 4B, 
A1P4 pin 9 


Schematic 4B, 
Al1P4 pin 8 


Schematic 8B, 
A5P1 pin 69 
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Sawiice Model 1615A 


Signal 
Description Number Origin 


P16CCLK Positive-edge 16-bit Counter Clock. Schematic 7A, 


Clock that increments index and address counters in A2P1 pin 21 
the 16-bit memory. | 

P16SCLK Positive-edge 16-bit Sample Clock, ECL. (4) Schematic 7A, 

(ECL) Signal clocks 16-bit input latches during data acqui- A2P1 pin 12 

sition. Also derived from ypP when loading trigger 
memories. 

P8CCLK Positive-edge 8-bit Counter Clock. Schematic 7A, 
Clock that increments index and address counters in A2P1 pin 71 


the 8-bit memory. 


P8SCLK Positive-edge 8-bit Sample Clock, ECL. 
(ECL) Clock for 8-bit machine that controls operation within 
glitch detector circuits. 


Schematic 7A, 
A4P1 pin 34 


® © © 


P8TCLK Positive-edge 8-bit Trigger Clock. Schematic 7A, 
Clock for trigger plus delay counter in 8-bit machine. A2P1 pin 58 

PCLK1 Phase 1 Clock. Schematic 8A, 
Signal that clocks character lines in alphanumeric A5P1 pin 24 
displays. 

PCLK6 Phase 6 Clock. Schematic 8A, 
Signal that clocks the alphanumeric/time selector in A5P1 pin 11 
the display assembly A6. 

PDCLK Positive-edge Display Clock. Schematic 8A, 
Clock for retrace counter, dot counter, line counter, A5P1 pin 7 
and the alphanumeric/time display selector. 

PECLK Positive-edge External Clock, ECL. Schematic 4B, 

(ECL) External clock signal from clock probe for use in Al1P4 pin 10 
some data-acquisition modes. Differential of NECLK. 

PETRG Positive-edge External Trigger, ECL. Schematic 4B, 

(ECL) Positive edge of signal used to trigger data-acqui- Al1P4 pin 7 


sition in 8-bit circuitry in external trigger modes. 
Supplied from clock probe. Differential of NETRG. 


VIDEO Video. Schematic 10C, 
Z-axis unblanking signal to display driver. Least A6P1 pin 45 
positive voltage turns on CRT. 


© © © 
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Model 1615A 


8-38. DISCUSSION OF 1615A BASIC BLOCK 
DIAGRAM. (See figure 8-2.) 

8-39. The 1615A is a microprocessor-controlled, ROM- 
based instrument consisting of a control section, display 
section, and a data-acquisition section. All sections 
share a common data bus, address bus, and control 
lines. 


8-40. CONTROL SECTION. The control section of the 
1615A consists of the keyboard, microprocessor, RAM, 
and ROM. Operator entries into the 1615A are made via 
the keyboard. The microprocessor controls all I/O, 
RAM, and ROM read/write activity as well as address 
bus and data bus usage. The 1615A capabilities, 
operating sequences, and self tests are all contained in 


ROM. 


8-41. DATA ACQUISITION. The data-acquisition 
function of the 1615A consists of a 16-bit data- 
acquisition function and an 8-bit data-acquisition 
function. Each function has its own probes and I/O 
control. The 16-bit data-acquisition function gathers 
synchronous state data on up to 16 probe input lines. 
The 8-bit data-acquisition function has all of the 


CONTROL 
MICROPROCESSOR 
KEYBOARD 


ROM 


DISPLAY 


ALPHANUMERIC 
DISPLAY 


HORIZONTAL 


TIMING 
DIAGRAM 
VERTICAL 


DISPLAY 


TIMING 
DIAGRAM DATA 


ATA 


ACQUISITION 


8- BIT 
PROBES t A 


ae ed 


READ/ WRITE 
AND TIMING 


Service 


capabilities of the 16-bit data acquisition function, 
except that it obtains information on 8 input lines. The 8- 
bit data-acquisition function also has the capability of 
gathering asynchronous activity on its 8 probe lines, 
and of detecting glitches occurring on any of those same 
8 lines. 
NOTE 

The 24-bit mode is obtained by operating 

both the 16-bit and 8-bit machines together. 

Triggering is done in the 16-bit triggers 8-bit 

mode. 


8-42. DISPLAY SECTION. The display section consists 
of RAM, I/O, alphanumeric display logic, timing 
diagram display logic, and the CRT. The RAM is loaded 
with the information obtained by the data-acquisition 
circuitry. The alphanumeric display logic reads 15 lines 
of RAM and formats the information into the electrical 
activity required for each alphanumeric character. The 
timing diagram display logic reads the entire RAM and 
presents a trace of electrical activity with respect to 
time. The electrical activity from one of the two display 
sections is converted to analog drive signals and 
supplied to the three axes of the CRT. 


| 


| 
| 
a 


TOULNOD 


sna ssauyaayv 
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Figure 8-2. Model 1615A Basic Block Diagram 


Service 


8-43. CONTROL SECTION BLOCK DIA- 
GRAM. (See figure 8-3.) 


8-44. The microprocessor controls all read/write and 
1/0 activity on the address bus and data bus. The power 
on reset block holds the microprocessor in the reset state 
until its circuits can all be initialized after 1615A power 


POWER 
ON 
RESET 


8080 UP 


CONTROL LINES 


Model 1615A 


up. The 20-MHz oscillator and divider supplies the 
proper clocks for microprocessor operation. 


8-45. The program ROM’s contain all of the 1615A test 
and operating routines. The RAM’s provide active 
memory for the microprocessor and display functions. 
The keyboard provides operator interface to the 1615A 
instrument. . 


ALP 
PROGRAM 
ROMS 


JAP AND 
DISPLAY 
KEYBOARD 


RAMS 


HRI4 
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ADDRESS BUS 
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Figure 8-3. 1615A Control Section Block Diagram 
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Model 1615A 


8-46. 16-BIT DATA-ACQUISITION SECTION 
BLOCK DIAGRAM DISCUSSION. (See figure 
8-4.) 


8-47. The 16-bit data-acquisition function collects state 
data that is synchronized with a clock. The state inputs 
are obtained through probe pods 2 and 3 and supplied to 
input latches. The clock is obtained by the clock probe 
and supplied to the clock slope selector. This block 
generates a pulse each time that it recognizes the 
occurrence of the selected edge on the clock line. The 
pulse latches the states of the lines from probe pods 2 
and 3, and is also supplied to the 16-bit strobe generator 
and the clock qualifier latch. If all of the qualifier 
conditions are satisfied, H16QLY is delivered to the 16- 
bit clock multiplexer. At the same time, the 16-bit strobe 
generator delivers its strobe to the 16-bit clock multi- 
plexer. If the qualifier conditions are satisfied, the strobe 
will be generated from the 16-bit clock multiplexer. If 
qualifier conditions are not satisfied, no strobe will be 
generated. 


8-48. When the states on the 16 lines of the data probes 
are latched, they are supplied to both the 16-bit high- 
speed memory and to the trigger memory. If the states 
match the trigger conditions within the trigger memory, 
L16/24STG will be generated. This signal is supplied to 
the store trigger events circuit and to the trigger and 
delay block. These two blocks modify the trigger 
according to the mode of operation selected. In store 


trigger events mode, the store trigger events circuit only 
allows the states from the 16-bit counter/latches to be 
recorded in the high speed memory if they are a valid 
trigger word. In other modes of mixed triggering and 
delay, L16/24STG is supplied to the trace point latch 
only when all requirements of trigger interaction and 
delay are satisfied. 


8-49. The trace point latch generates LI6TRC when all 
trigger and delay requirements are met. When LI6TRC 
is generated, the 16-bit memory index counter and the 
clock multiplexer are enabled. The clock multiplexer 
begins passing clocks from the strobe generator, and the 
memory index counter begins counting the clocks. These 
clocks also advance the memory address counter which 
sequentially addresses locations in the 16-bit high speed 
memory. When the memory index counter completes its 
count (a count equal to the number of memory locations 
available), the memory index counter triggers the run- 
complete condition which stops the clocks through the 
clock multiplexer. At this same time, the memory index 
counter supplies the address of the first word in memory 
to the read multiplexer. 


8-50. The read multiplexer allows the microprocessor 
to address locations in memory and obtain memory 
contents for presenting a display on the CRT. Thestatus 
buffer provides seven bits of status information to the 
data bus during and after completion run for data 
acquisition. 
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Figure 8-4. 
16-bit Data-acquisition Block Diagram 
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8-51. 8-BIT DATA-ACQUISITION SECTION 
BLOCK DIAGRAM DISCUSSION. (See figure 
8-5.) 


8-52. The eight lines from pod 1 are supplied directly to 
the 8-bit counter/latch, the asynchronous trigger 
memory, and to the glitch detector. The 8-bit counter/ 
latch operates the same as the counter/latch in the 
16-bit circuitry, and is used only when the 8-bit and 
16-bit machines are combined to capture 24-bit synchro- 
nous data. Theasynchronous trigger memory generates 
its recognition state whenever it recognizes its trigger 
word on the eight lines from pod 1. The asynchronous 
trigger duration selector measures the time period of the 
recognition state from the asynchronous trigger 
memory. If the recognition state lasts for the entire time 
duration that the operator specified in the menu, the 
asynchronous trigger duration selector releases trigger 
recognition to the 1615A. 


8-53. The glitch detector also receives the eight data 
lines from pod 1. If a glitch is detected on any line, a true 
state is supplied to the glitch memory and to the glitch 
trigger selector. If detection of a glitch was required as 
part of the trigger specification, then the gltich trigger 
selector supplies an enable at its output. If no glitch was 
specified as part of the trigger, then the glitch trigger 
selector always supplies the enable output. 


8-54. The 8-bit trigger and delay circuits issue a trigger 
pulse according to the mode of trigger interaction 
selected in the 8-bit menu. H8VME is an enable level 


that is always present, except during modes where the 
trigger recognition ends the trace. In those modes, 
H8VME is only present after the 8-bit memory has 
accepted at least 256 valid inputs after the start of the 
run. 


8-55. The 8-bit trace point latch enables the memory 
index counter to count qualified clocks so that the proper 
number of input bytes can be acquired into memory. 
When the memory index counter has counted the 
required number of input bytes (256 bytes in modes 
where the trigger starts the trace), it signals the 8-bit run 
complete latch which issues H8RCP to stop the run. 


8-56. The clock for acquiring data into the 8-bit 
machine comes either from the external clock input 
(when the 8-bit machine is combined with the 16-bit 
machine) or from an internal clock generator. The 
internal clock generator provides several different clock 
rates to the 8-bit data-acquisition circuitry. The clock is 
delivered to the 8-bit clock multiplexer. When all 
qualification conditions are satisfied, the clock is 
coupled through the multiplexer to the 8-bit memory 
address counter, memory index counter, and to both the 
data and glitch memories. The memory address counter 
addresses sequential locations in memory for both the 
state and glitch information to be captured. The output 
from the 8-bit clock multiplexer also strobes the 
information into the memories. 


8-57. The read multiplexer and status buffer provide 
the same operation for the 8-bit machine as is described 
for the 16-bit machine. 
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Figure 8-5. 8-bit Data-acquisition Block Diagram 
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8-58. DISPLAY SECTION BLOCK DIAGRAM 
DISCUSSION. (See figure 8-6.) 


8-59. The display section consists of the alphanumeric 
character generator, the timing diagram generator, the 
display driver, and the alphanumeric/timing switch. 
The alphanumeric character generator reads portions of 
memory and presents the alpha and numeric characters 
on screen. The timing diagram generator reads the 
entire 8-bit memory and presents traces on screen that 
represent logical activity throughout the entire trace. 
The display driver accepts the formatted logic from the 
alphanumeric character generator and the timing 
diagram generator and drives the 1615A CRT. 


8-60. ALPHANUMERIC/TIME SWITCH. 


8-61. This block is controlled by menu selection and 
either activates the timing diagram generator or the 
alphanumeric character generator, depending upon the 
operating mode and position of the display on the CRT. 
The alphanumeric character generator is always active 
when presenting the heading on the CRT, regardless of 
whether the body of the display will be presented by the 
timing diagram generator or the alphanumeric charac- 
ter generator. 


8-62. ALPHANUMERIC CHARACTER GEN- 
ERATOR. 


8-63. The alphanumeric character generator provides 
all of the video logic required to present all of the alpha- 
betic and numeric characters on the CRT. Each charac- 
ter is made in a matrix of eight raster lines in heigth and 
five increments in width. 


8-64. DOT AND RETRACE COUNTERS. These counters 
generate all of the horizontal steps across the CRT. 
The dot counter counts up for each progressive step 
across the CRT. The retrace counter counts back down 
to zero to accomplish CRT retrace. 


8-65. LINE COUNTERS. These counters keep track of 
the vertical position on the CRT, and supply the format 
for each line. Some lines can be used for alphanumerics, 
some can also be used for timing diagrams, and some 
lines are always blanked. 


8-66. CHARACTER COUNTER. The CRT is divided 
into 800 character spaces during alphanumeric dis- 
plays (40 character spaces across each line by 20 lines). 
The character counter keeps track of which character 
space is being addressed on the CRT. 


8-67. ADDRESS 2:1 SELECTOR. The address 2:1 selec- 
tor obtains two addresses: one is the address of the char- 
acter space being enhanced on the CRT, and the other is 
the microprocessor address bus. It supplies one of these 
two addresses to the display RAM. 


Service 


8-68. DISPLAY RAM. Before a new display is placed on 
the CRT, the address 2:1 selector supplies the micro- 
processor address bus to the display RAM. At each micro- 
processor address, the data bus loads the appropriate 
character to be displayed on the CRT. During a display 
presentation, the address 2:1 selector supplies the ad- 
dress from the character selector to the display RAM. 
The addressed character stored in the RAM is displayed 
on the CRT. 


8-69. MICROPROCESSOR LATCH. The microproces- 
sor latch accepts the output from the display RAM. It 
supplies an output whenever the microprocessor reads 
information from the RAM. 


8-70. CHARACTER CODE LATCH. This latch supplies 
the code for the character to be displayed on the CRT, 
along with codes for the character format, such as 
blinking and inverse video data. 


8-71. CHARACTER GENERATOR ROM. This ROM 
translates the character code along with the format 
information from the line counters into the logic byte 
required to blank and unblank a particular raster scan 
in the 6X8 character matrix. 


8-72. SHIFT REGISTER. The character generator ROM 
dumps the logic byte for the selected raster line into this 
shift register. The shift register supplies the logic byte 
bit-by-bit to the blinking and special effects gating. 


8-73. BLANKING AND SPECIAL EFFECTS GATING. 
This circuit combines the raster line byte with logic for 
normal video, inverse video, blinking video, and blank- 
ing, as required for the display type selected in the menu. 
The output is supplied to the video gating where it is 
presented to the display driver for presentation on the 
CRT. 


8-74. TIMING DIAGRAM GENERATOR SEC- 
TION. 


8-75. FIRST WORD POSITION COUNTER. This coun- 
ter always obtains the address of the first word in 
memory to be displayed on the timing diagram. This 
ensures that the portion of memory actually displayed 
on the timing diagram will be the proper segment for the 
operating mode selected (first 240 words in START 
TRACE mode, and last 240 words in END TRACE 
mode). 


8-76. MEMORY ADDRESS COUNTER. This counter 
generates sequential addresses for the data memory and 
the glitch memory. 


8-77. 8-BIT DATA MEMORY. This memory contains all 
of the data obtained from pod 1 during a trace. It sup- 
plies the binary data for all eight channels, byte-by-byte, 
to the 1 of 8 data selector. 


8-23 


8-78. 8-BIT GLITCH MEMORY. This memory contains 
all of the glitch information obtained in a trace for all 
eight timing diagram channels. It supplies the glitch 
information for all eight channels to the 1 of 8 glitch 
selector. 


8-79. 1 OF 8 DATA AND GLITCH SELECTORS. This 
circuit chooses one of the eight data channels, along 
with the corresponding glitch channel, for display on 
the CRT. The selector is incremented from one channel 
to the next when the CRT display is incremented from 
one timing diagram slot to the next. 


8-80. 2-BIT SHIFT REGISTER. This register holds both 
the bit that is to be displayed on the present point on the 
CRT, and the bit that was displayed on the last point on 
the CRT. This 2-bit information is used to determine 
whether or not the present bit is different from the last 
bit so that a transition can be included on the screen, if 
applicable. 


8-81. TIMING DIAGRAM DISPLAY ROM. This ROM for- 
mats the display of data and glitch information for the 
timing diagram. In this ROM, data transitions, data 
locations, and glitch brighteners are computed. The out- 
puts from this ROM provide all of the logic levels 
required for high and low displays, transitions, and 
glitch brighteners for both Xl and X10 display 
magnification. 


8-82. X1/X10 SELECTOR. This unit selects either the 
X1 magnification signals or the X10 magnification sig- 
nals for application to the video gating output. 


8-83. CLOCK AND TIMING CONTROL. This circuit 
generates the operating rate within the circuitry that 
produces the timing diagram. 


8-84. CHANNEL SELECTOR RAM. This RAM supplies 
an output that defines the location being addressed on 
the CRT. This information is used by the 1 of 8 data and 
glitch selectors to choose the channel it will supply to the 


8-24 


display ROM. The channel select RAM also provides LO 
CHANNEL OFF to blank the display when the timing 
diagram slot on the CRT is turned off by operator 
selection. 


8-85. EXPAND INDICATOR BLOCKS. The three blocks 
that make up this channel begin counting at the location 
where the expand indicator should begin, or where the 
trace should begin in X10 expanded display modes. This 
function counts a number of horizontal display incre- 
ments across the CRT (that number equal to the width of 
the area displayed during X10 displays). HEXPI is true 
during this count. 


8-86. TRIGGER MARKER. This function counts the 
number of horizontal locations on the CRT between the 
first sample and the sample which contains the trigger 
word. When this point is reached, the trigger marker 
function generates HTLIN which causes video gating to 
issue a trigger tic mark. 


8-87. GRATICULE COUNTER. This counter provides a 
logic output that produces low level brightening at each 
horizontal location where a graticule line should be writ- 
ten on the CRT. 


8-88. VIDEO GATING. This block produces an output 
which is the composite of the alpha, video, data, glitch, 
expand indicator, trigger tic marker, and graticule line 
enhancement. The level differs depending upon the 
signal mix at each sampled point across the CRT face. 


8-89. DISPLAY DRIVER. 


8-90. This section of the display circuitry drives the 
CRT. When alphanumeric characters are being pre- 
sented, the horizontal and vertical sweep generators are 
controlled by the alphanumeric character generator. 
These two functions run at their own designed rates 
during timing diagram presentations. The Z-axis ampli- 
fier produces the unblanking levels required for all 
displays. 
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Low Voltage Power Supply (A7) Schematic 
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SERVICE SHEET 3 
PRINCIPLES OF OPERATION 


Display driver A1l3 generates signals to drive the dis- 
play. The display is a magnetically-deflected, raster- 
scanned CRT. Display format is 20 lines of 40 characters 
each; each line consists of 9 horizontal scans of the CRT. 
Three signals from the A6 assembly, HVSY, HHSY, and 
VIDEO control the horizontal deflection, vertical deflec- 
tion, and video amplifier circuits. 


Horizontal Sync. HHSY (horizontal sync) controls the 
horizontal deflection circuit and the high-voltage 
supply. The HHSY signal is applied to U5 where, under 
normal operation, it is inverted, and used to drive U6. If 
the HHSY signal has an incorrect repetition rate or 
pulse width, U5 prevents the outputs of U6 from being 
on continuously, which would result in damage to U6. 
U6 provides a current pulse to the primary of T1. The sec- 
ondary of T1 drives the horizontal deflection and high 
voltage circuits. 


High-voltage Supply. The HV supply provides dc volt- 
ages for the CRT, bias voltage for the horizontal deflec- 
tion circuit, and +35 volts for the video amplifier. 


When Q9 is on, the current through L3 and the primary 
of T2 increases. When Q9 is turned off, energy stored in 
L3 and the primary of T2 rapidly charges C27. The result 
of the rapid charging is a large positive voltage across 
L3. This voltage is rectified by CR5 to provide the CRT 
accelerator grid bias. The positive voltage is also 
coupled to the secondaries of T2 where it is rectified. 


Horizontal Deflection Circuit. The secondary of T1 also 
controls the horizontal deflection circuit. Just before Q1 
is turned off, current is flowing in the deflection coil and 
the beam is at the right side of the CRT. When Q1 is 
turned off, the deflection coil current changes direction 
as C7 charges rapidly. After all the energy is transferred 
to C7, it then discharges through the coil, causing 
another change in direction of coil current. The rapid 
charge and discharge of C7 causes a rapid retrace of the 
beam. At the end of retrace, the voltage across the coil 
attempts to go negative and charge C7 again. When volt- 
age across the coil reaches a few volts positive, CR1 
turns on and becomes the current path for the coil. This 


voltage clamping by CRI causes a constant rate of 
change in coil current. This accounts for the first half of 
horizontal scan. CR1 is turned on at a positive voltage, 
rather than zero, to compensate for resistive elements in 
the coil current path. This keeps the rate of current 
change from being greater at the beginning of the sweep 
than at the center or right side of the sweep. 


When the beam reaches center screen, the deflection coil 
current is zero. At this time, Q1 is turned on and the cur- 
rent flow changes direction. This deflects the CRT beam 
toward the right side of the screen until Q1 turns off. 
When Q1 turns off, retrace begins. 


Compensation for the deflection rate at the sides of the 
CRT is accomplished using C8. During the first half of 
the sweep the charge on C8 increases slightly. At center 
screen, when Q1 is turned on, C8 is slowly discharged, 
until the beam reaches the end of the sweep. This re- 
duces voltage across the deflection coil at the beginning 
and end of the sweep, reducing the rate of current 
change in the coil. 


Size of the horizontal scan is controlled by R6. R6 con- 
trols the voltage available to the deflection circuit by 
decreasing the coil current rate of change. Since the 
period of the sync signal does not vary, the scan will be 
shorter if the deflection rate is decreased. 


Horizontal position is accomplished by injecting a con- 
stant current into the deflection coil. R14 determines the 
current. Ul compares voltage drops across C12 and R4, 
and drives Q2 and Q3 until the voltage drops are equal. 
This establishes a constant current through R4. 


Vertical Deflection Circuit. This circuit generates the ver- 
tical sweep and controls height, linearity, and position 
of the sweep. Vertical sync (HVSY) from A6 controls a 
ramp generator, which in turn controls current through 
the deflection coil. When HVSY goes high, 94 is turned 
on; this discharges C14 and C15 through R20. HVSY 
remains high for 0.5 millisecond (until capacitor charge 
returns to a few millivolts). When HVSY goes low, Q4 is 
turned off and C14 and C15 charge at a rate determined 
by R18 and R19. R18 controls amplitude of the vertical 
sweep. Since the period of HYSY is constant, R13 can be 
used to coniroi the distance the beam is deflected within 
that period. 


The voltage ramp developed at the junction of R20 and 
C14 is applied to U4. Part of the output of U4 is fed back 
to C14 and Cl1d to correct the voltage input of U4 which 
compensates the ramp generator. R23 controls the 
amount of feedback, which in turn controls the shape of 
the sweep generated. The ramp at the output of U4 
drives current amplifier U3/Q5/Q6 which maintains a 
current through the emitter of Q6 that is proportional to 
the ramp voltage. U3 compares the ramp voltage to volt- 
age across R32. U3 drives Q5 until the inputs to U3 are 
equal. 


At the beginning of the sweep a very small current is 
flowing through Q6 and a large current is flowing from 
the +5-volt supply through deflection coil L1. This corre- 
sponds with the beam being at the top of the display. As 
the Q6 current increases, more current from the +5d-volt 
supply flows through Q6 and less through the deflection 
coil. Coil current decreases and Q6 current increases 
until the beam reaches center screen. At that time, coil 
current has reached zero and begins to flow in the oppo- 
site direction as Q6 current starts to draw current from 
the coil and the +5-volt supply. When the beam reaches 
the bottom of the screen, coil current is about the same as 
it was at the top of the screen but is flowing in the oppo- 
site direction. 


At the end of the sweep, Q6 is turned off abruptly, and 
the current through R32 is reduced to zero. This sudden 
change in coil current results in a positive voltage pulse 
at the collector of Q6. This charges C19, using energy 
stored in the deflection coil. This causes the beam to 
return to center screen as C19 reaches its peak voltage. 
C19 then discharges through R62 and the deflection coil. 
Discharge current and the current through L2 change 
the coil current direction and return the beam to the top 
of the CRT. At this time, Q6 starts conducting again and 
the sweep starts over. 


Compensation for deflection rate at the top and bottom 
of the CRT is accomplished by C20 in a manner similar 
to that used in the horizontal deflection circuit. Position 
control is maintained by injecting a constant current 
into the deflection circuit through R33. 


Video. This circuit amplifies the video signal to drive the 
CRT cathode. Gain control R61 is provided for contrast 
adjustment of the display. 
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The voltage ramp developed at the junction of R20 and 
C14 is applied to U4. Part of the output of U4 is fed back 
to C14 and C15 to correct the voltage input of U4 which 
compensates the ramp generator. R23 controls the 
amount of feedback, which in turn controls the shape of 
the sweep generated. The ramp at the output of U4 
drives current amplifier U3/Q5/Q6 which maintains a 
current through the emitter of Q6 that is proportional to 
the ramp voltage. U3 compares the ramp voltage to volt- 
age across R32. U3 drives Q5 until the inputs to U3 are 
equal. 


At the beginning of the sweep a very small current is 
flowing through Q6 and a large current is flowing from 
the +5-volt supply through deflection coil L1. This corre- 
sponds with the beam being at the top of the display. As 
the Q6 current increases, more current from the +5-volt 
supply flows through Q6 and less through the deflection 
coil. Coil current decreases and Q6 current increases 
until the beam reaches center screen. At that time, coil 
current has reached zero and begins to flow in the oppo- 
site direction as Q6 current starts to draw current from 
the coil and the +5-volt supply. When the beam reaches 
the bottom of the screen, coil current is about the same as 
it was at the top of the screen but is flowing in the oppo- 
site direction. 


At the end of the sweep, Q6 is turned off abruptly, and 
the current through R32 is reduced to zero. This sudden 
change in coil current results in a positive voltage puise 
at the collector of Q6. This charges C19, using energy 
stored in the deflection coil. This causes the beam to 
return to center screen as C19 reaches its peak voltage. 
C19 then discharges through R62 and the deflection coil. 
Discharge current and the current through L2 change 
the coil current direction and return the beam to the top 
of the CRT. At this time, Q6 starts conducting again and 
the sweep starts over. 


Compensation for deflection rate at the top and bottom 
of the CRT is accomplished by C20 in a manner similar 
to that used in the horizontal deflection circuit. Position 
control is maintained by injecting a constant current 
into the deflection circuit through R33. 


Video. This circuit amplifies the video signal to drive the 
CRT cathode. Gain control R61 is provided for contrast 
adjustment of the display. 
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Figure 8-11, Model 1615A Display Waveforms 
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SERVICE SHEET 2 
PRINCIPLES OF OPERATION 


+12-volt Power Supplies. The +12-volt and -12-volt power 
supplies are regulated to within 5% by U1 and U2. 


+5-volt Power Supply. The +5-voit supply is a switching 
regulator with current limiting and _ over-voltage 
protection. Pass transistor Q2 in the switching regulator 
is either saturated or cut off. Therefore, very little power 
is dissipated in Q2. 


Switching Regulator Operation. The 20-kHz sync signal 
(HHSY) from clock board A2 is converted to a sawtooth 
wave by A7C13 and A7R21. The reference voltage from 
pin 6 of U1 is divided by R11, R12, and R18, and added to 
the sawtooth wave on pin 5 of U1. The error amplifier in 
A7U1 compares this voltage with the power supply 
output on pin 4 of U1. That portion of the voltage on pin 5 
that exceeds the output voltage on pin 4 turns on the 
error amplifier. The error amplifier uses a sample of 
output current from A7R17 to drive a transistor pair 
which turns on and off current source A7Q1. This 
controls pass transistor Q2. A7L1, A7CR4, and A7C9 
form an averaging network. When Q2 is off, the energy 
stored in A7L1 draws current from A7C7 and A7C22 
provide noise filtering. 


+5-volt Supply Protection. If excessive current is drawn 
from the +5-volt supply, a voltage developed across 
A7R13 through A7R15 and A7R40 turns on A7Q2. This 
shunts Ul, holding Q2 off until the current has 
decreased. If excessive voltage develops at the supply 
output, exceeding the breakdown voltage of A7VR1, 
A7CR5 will be triggered. A7CR5 shorts the rectifier volt- 
age to ground, opening A7F3. 


-5-volt Power Supply. The operation of this supply is very 
similar to the operation of the +5-volt supply. The volt- 
age developed across A7R26 establishes the value of the 
reference current through A7R22 and A7R23. 
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PRINCIPLES OF OPERATION 


The data from the 16 channels of pods 2 and 3 is received 
by buffers U46A and U49D. These are differential- 
in/ECL-out line receivers. The line receiver signals are 
applied to binary counters U31 through U34. The 
binary counters operate both as latches and as counters. 
They operate as counters when the software loads the 
trigger requirements into the trigger memories and dur- 
ing self-test. At all other times, they operate as latches. 


Loading of Trigger Memories. When any change is made 
to a menu, the 1615A software reloads all menu- 
controlled portions of the instrument prior to the run. 
The trigger memories are reloaded even if the menu 
change did not affect trigger requirements. At the start 
of arun, LMRST (Low Master Reset) switches low. This 
is inverted through Ud6A to reset U31 through U34 to 
binary 0. When LMRST switches high again, the binary 
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counters begin counting Pi6SCLK(ECL) clocks. The 
count is applied to the address inputs of the trigger mem- 
ories. The data to be loaded at each trigger memory 
address is supplied to pin 13 on U17 and U20. Ud1C pro- 
vides the read/write logic for U17 and U20. When the 
output from U51C is low, the trigger memories load the 
information on pin 13 data inputs. This information 
comes from the microprocessor and conforms to the 
menu selections. The output from U51D is always high 
except when loading the trigger memories. 


Data-acquisition Trace. When a trace starts, LDACQ 
(Low Data Acquisition) switches low, parallel-enabling 
U31 through U34 to operate them as latches. They latch 
data from the line receivers with each PI6SCLK(ECL) 
clock. The latch outputs are supplied both to the trigger 
memories and to the ECL-to-TTL translators. The 
trigger memories output an ECL low whenever all 
memories simultaneously recognize a qualified trigger 
word on their address inputs. The translators supply 
their information to the 16-bit data memories shown on 
service sheet 4C. 
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Figure 8-15. Block Diagram, 16-bit Data-acquisition Section for Schematic 4A 
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C7 K-2 | C23 F-5 C39 L-2 | R10 C-3 ] R26 K-2 | R42 M-2 | T1 A-6 | U14 K-6 | U29 L-4 | U44 L-3. | U59 B-4 
c8 L-2 | C24 G-5 | C40 M-2 | R11 D-3 | R27 K-2 | R43 M-2 | T2 B-6 |] U15 L-6 | U30 M-4 | U45 L-3 | U6O D-4 
ca M-2 | C25 K-5 | CRI 1-3 R12 D-3 | R28 K-2 | R44 M-2 | T3 M-6 | U16 L-6 | U31 B-3 | U46 B-2 | U61 B-3 
C10 L-2 | C26 A-3 | CR2 1-3 R13 H-3 | R29 K-2 | R45 M-2 | U1 B-6 | U17 B-4 | U32 B-3 | U47 B-2 | U62 D-3 
on L-2 | C27 G-3 | CR3 J-3 | R14 H-3 | R30 L-2 | R46 J-2 | U2 C-6 | U18 c-4 | U33 C-3 | U48 C-2 | U63 E-3 
C12 L-2 1 C28 J-3 04 Pl B-1 | R15 J-3 | R31 L-2 | R47 J-2 | U3 c-6 | U19 c-4 | U34 D-3 | U49 D-2 | U64 F-3 
| c13 F-2 | C29 M-4 | P2 c-1 | R16 J-3 | R32 L-2 | R48 J-2 | U4 D-6 | U20 D-4 | U35 E-3 | U50 E-2 | U65 G-3 
C14 J-2 | C30 A-2 | P3 E-1 R17 J-3 | R33 L-2 |] R49 J-2 | U5 E-6 | U21 E-4 | U36 E-3 | U51 E-2 | U66 H-3 
C15 J-3 | C31 H-2 | Q1 |-3 R18 J-2 | R34 L-2 |} R50 J-2 | U6 E-6 | U22 F-4 | U37 F-3 U52 F-2 | U67 1-3 
16 B-6 } 1-2 J-3 R19 J-3 | R35 L-2 j R5 J-2 U7 F-6 j 


Figure 8-16, State Data-acquisition Assembly Al, Parts Identification 
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Figure 8-18, Block Diagram, 16-bit Data-acquisition Section for Schematic 4B 
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Model 1615A 


SERVICE SHEET 4B 
PRINCIPLES OF OPERATION 


The qualifier multiplexer consists of two six-bit qualifier 
words. One of the qualifier words is used for 16-bit quali- 
fication, and the other is used for 8-bit qualification. 
Both words are ORed together for 24-bit qualification. 
The qualifier words are delivered to logic for ORing or 
isolation, depending on the trigger mode selected. 


There are six qualifier channels in the clock probe. Each 
qualifier channel is delivered to one bit on both qualifier 


words. Alii bits in both words are identicai. Oniy one bit 
is shown in the simplified qualifier logic diagram. 


Qualifier Bit Loading. Prior to data acquisition, HW15 
and HABO enable clocking of the qualifier flip-flops. 
HDB2 clocks the 16-bit qualifier word. HDB3 clocks the 
8-bit qualifier word. The qualifier words are derived 
from HDB1. The qualifier states establish one of three 
conditions for qualification: (1) a specific word must 
occur to obtain qualification, (2) any word will qualify, 
and (8) no word will qualify. 


Qualification Logic. The signal in each qualifier channel 
is connected through a line receiver and latched with the 
16-bit synchronous clock. The latch output is applied to 
an AND gate and a NOR gate. The AND gate is quali- 


fied anth any innnu trnfN ThaNOD eataia analfiad uth 
Ged Willi Qily input ULUe 2110 ANU LE Hae ID Quaiiiiéa WLU 


any input of 1. To select logic 0 to qualify the bit, the 
microprocessor loads FF1 and FF2 with 1. The NOR 
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RECEIVER LATCH 


Pp 
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PROBE N 
CHAN U 
PI6SCLK h 


HDBI 


LOAD HOBO 
FROM HW15 ra 
ALP 


HDB3 U43 \o 


FFI FF2 TO QUALIFY, 
OUT OUT | CLK PROBE MUST BE 
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DONT CARE 
| { | | NEVER | 


Service 


gate is satisfied, but the AND gate will only qualifyif0 is 
latched in from the line receiver. Qualification occurs 
when all gates supply low outputs. If one gate supplies a 
high output, it overrides the low from the other gate and 
prevents qualification (wired OR). 


Cutput Logic (Not 24-bit Mode). L24BST (Low 24-bit 
State) is high. This saturates Q2 and turns off Q1, isolat- 
ing the 16-bit and 8-bit qualifier outputs from one 
another. When qualification occurs in the 16-bit 
machine, the low across CR1 is applied to U42A and 
U42D. Two parallel translators are required to drive the 
load on Hi6QLY (High 16-bit Qualify). The other inputs 
of U42A and U42D are connected to ECL threshold. CR3 


provides noise margin in the threshold circuit. 


Output Logic (24-bit Mode). In the 24-bit mode, L24BST 
is low, turning off Q2 and saturating Q1. Now CR1 and 
CR2 OR both qualifiers together. A low state from either 
qualifier will generate both HI16QLY and H8QLY. Both 
outputs are identical in 24-bit mode (both high or both 
low). The only time that these signals can be different is 
in the 16-bit plus 8-bit mode when the 8-bit machine is 
operating with an external clock or is delaying by an 
external clock. 


When the 8-bit machine is operating with the internal 
clock and time delay, the 8-bit qualifier is loaded with 
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used in 24-bit mode, the other is loaded with the NEVER 
pattern. 
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The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 


DSA SETUP A. 


1. Remove assembly Al and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for Al, 
and install Al on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5STP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


SAR sc estas cca ess casa cee weeeen cl 
STO Porc suds ce teete cates h ae btlacinleds LF 
CLOCK seni oiee ocean ot L 


Signatures for DSA Setup A (Schematic 4B) 


VH A1U1-16 
A1U43-5 


A1U43-10 
A1U43-12 
A1U56-7 
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signify the DSA Setup to use WHEN GoOSEervilng tne signa- 


ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 


beginning of this Section. 


DSA SETUP D. 


1. Remove assembly Al and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for Al 
and install Al on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


4. Reinstall A5 in 1615A mainframe. 
NOTE 
DSA jumper on A5 remains in NM (normal) 


position in this test setup. 


5. Set up signature analyzer as follows: 
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Signatures for DSA Setup D (Schematic 4B) 
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SERVICE SHEET 4C 
PRINCIPLES OF OPERATION 


16-bit Memory. U1 through U16 comprise the 16-bit 
memory. Each chip is a 256X1 binary memory. The 16 
chips of memory are addressed by memory address 
counter U29 and U30. Data which enters the 16 chan- 
nels shown on schematic 4A is supplied to the 16 chan- 
nels of memory. After a short delay which allows data to 
stabilize, LIGMWRT (Low 16-bit Memory Write) from A2 
enables all memory chips simultaneously for about 30 
nanoseconds. They accept the 16 channels of data. At 
the end of LIGMWRT, the memories are returned to the 
read state and the memory address counters are 
advanced to the next sequential address by PI6CCLK 
(16-bit Counter Clock). 


Output Selector. U23, U24, U27, and U28 comprise an 
output selector. The selector allows the microprocessor 
to obtain the state of the memory address counter or the 
memory index counter, or to obtain the digital informa- 
tion for bits 1 through 8 or for bits 9 through 16 from 
memory. One of these four selections is made by decod- 
ing HABO and HABI from the microprocessor address 
bus. U43A decodes HR14 and HAB4 to either place the 
selected output on the data bus or set the selector chips in 
the high impedance state when their information is not 
desired. 
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Memory Address Counter. The memory address counter 
is a count-up counter. It counts from 0 to 255, continu- 
ously. Its count addresses specific locations within the 


16 memory chips. 


Memory Index Counter. The purpose of the memory 
index counter is to stop data acquisition when the 16-bit 
memory is full of valid data and to indicate the portion of 
memory that is valid when only a partial run has taken 
place. The memory index counter is only used in modes 
where the trigger starts data acquisition. In modes 
where the trigger ends data acquisition, trigger recogni- 
tion stops the run and the memory index counter is not 
needed. 


DATA-ACQUISITION RUN WITH TRIGGER STARTS 
TRACE. (See waveform diagram.) 


Before the Run Starts. When the TRACE key is pressed, 
the microprocessor sets LMRST (Low Master Reset) low 
for approximately 300 microseconds. During this period, 
the memory address counter and memory index counter 
are parallel loaded to binary 1, and clocks are prevented 
from reaching the two counters. Low states are forced on 
H16RCP (High 16-bit Run Complete) and HI6VME 
(High 16-bit Valid Memory) to remove the valid-memory 
and run-complete indications. 


Memory Address Counter Begins. When LMRST 
switches high, it releases the counters and the flip-flops 
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Figure 8-20. Block Diagram, 16-bit Data-acquisition Section for Schematic 4C 
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DATA BUS 


SECTION 


Model 1615A 


and allows the P1I6CCLK clocks to enter. U45A isimme- 
diately set through U44C, providing a high HI6VME, 
but H16RCP remains low. H1I6STE (High 16-bit Store 
Trigger Events) is always high, except during trace 
events mode. In trace events mode, HI6STE is only high 
during clock periods which include a recognized trigger. 
Although the memory address counter begins counting 
P16CCLK clocks, the memory index counter is held off 
by a high L16TRC (Low 16-bit Trace Point). LLIGMWRT 
clocks arrive at the same time that PI6CCLK clocks 
arrive. LIGMWRT clocks enter the 16-bit data word into 


memory. Then the memory address counter is incre- 
mented to the next sequential address, and the next 16- 


bit data word is entered into memory. This continues 
with each arrival of the PIGCCLK and LI6GMWRT 
clocks. 


Memory Index Counter Begins. When the trace point is 
recognized (trigger plus delay specification met in the 
16-bit machine), LI6TRC switches low. The output of 
U44B switches high, enabling the memory index 
counter. The memory index counter begins counting 
P16CCLK clocks. There is a delay between PI6CCLK 
and L16TRC to ensure that the memory index counter 
does not count the period which included LI6TRC. The 
trigger word enters the memory location corresponding 
to count 0 in the memory index counter. 


Data-acquisition Halts. The memory index counter 
advances to binary 255 and generates terminal count. 
The terminal count is NANDed with HI6STE. When 
both signals are high, signifying a full memory of valid 
data, the K input of U45B goes low. U45B generates 
H16RCP (High 16-bit Run Complete) when the next 
P16CCLK arrives. HI6RCP is supplied to the clock 
assembly A2 where it halts PI6CCLK and LIGMWRT. 


Microprocessor-controlled Display. Since the memory 
index counter began its count at binary 1 and issued ter- 
minal count at 255, the memory address counter will 
stop at the address which contains the trace point (the 
trigger word if the menu selection was 0 delay). Now the 
microprocessor can provide a display referenced to the 
location of the trigger word. The trigger word is assigned 
line number 000 on the display, with all subsequent 
words assigned higher line numbers. To display other 
locations in memory, the microprocessor supplies clocks 
to the memory address counter. The microprocessor 
supplies one clock for each higher address line desired, 
and 255 clocks (the reciprocal of 1) for each lower 
address line desired. If the operator selects line 127 in 
memory, the microprocessor will supply 127 clocks to the 
memory address counter to increment to the desired 
memory address. Then if the operator elects to see line 
126, the microprocessor will supply 255 clocks to incre- 
ment the memory from line 127 to line 126. 


The microprocessor reads bits 0 through 7 and then bits 
8 through 15 at each memory location in order to present 
the display. 


Service 


Data-acquisition Run with Trigger Ends Trace. This mode 
of operation is nearly the same as the START trace 
mode. The major difference rests in the fact that the 


mam n anda unter ta nant uiagad in sa made and 


memory inaex counter is not usea in this Mmoaeé, ania 
H16VME is used. In the START trace mode, the memory 
index counter signals the end of data acquisition. In the 
END trace mode, recognition of the trace point 
(L16TRC) ends data acquisition. H16V ME must be high 
before the 1615A can recognize LI6TRC. 


Data-acquisition Phase. In the END trace mode, 
HI6START is low. When the TRACE kev is pressed, the 
memory address counter begins at count 1 and starts 
advancing with PI6CCLK clocks. HI6VME is low 
because U45A is reset at the beginning of data acquisi- 
tion. The low H1I6VME is interpreted as memory incom- 
plete. It prevents the 1615A from recognizing its trace 
point. When the memory address counter reaches termi- 
nal count, the J input of U45A receives a high state. With 
arrival of the next PIG6CCLK, HI6MVE is clocked high. 
It remains high for the rest of the run, indicating that 
the memory has been filled with valid data. Now the 16- 
bit machine is free to recognize trace point. When trace 
point is recognized, the 1615A cuts off PIGCCLK and 
LI6MWRT clocks, stopping data acquisition. 


Display Phase. Since the memory address counter began 
its count at binary 1, there is one doubtful location in 
memory: binary 0. In END trace modes, after trace point 
has been recognized, the microprocessor reads the 
address of the memory address counter. If the address is 
not 0, then the microprocessor determines that all 
memory locations contain valid data. If the address is 0, 
then data in location 0 may not be valid. In this case, the 
software prevents display of the data contained in loca- 
tion 0. 


Partial Runs. Partial runs can occur if the system clock is 
lost or the operator presses the STOP key before the 
trace point has been recognized in the END trace mode. 
When a partial run occurs in the END trace mode, the 
microprocessor will read HI6VME to determine if 255 
valid words have been captured in memory. If HIGVME 
is low, the microprocessor will read the address from the 
memory address counter to determine how many linesin 
memory were captured before the STOP key was 
pressed. Then the software will allow only that number 
of lines to be displayed, and will blank all of the other 
memory locations. 


If HI6VME is high, then at least 255 valid words have 
been captured in memory. In this case, the micro- 
processor will check the address to see if it is location 0. 
It not location 0, then all 256 memory locations contain 
valid data. If the address is location 0, then only 255 
locations will be displayed and location 0 will be 
blanked. 
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When a partial run occurs in START trace mode, the 
index counter. By reading the memory index counter, 
the microprocessor determines how much of the memory 
contains valid data, and permits display of only that 
portion of memory. 


SIGNATURE ANALYSIS FOR SCHEMATIC 4C. 


The signatures on this schematic are obtained by using 
DSA Setups A and C. The red letters on the schematic 
signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 


1. Remove assembly Al and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for Al, 
and install Al on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5STP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


PAR exrontee gue tet nh abel anny malts aid a ane L 
POP gl itiatts Die cn Cid thataenaeiundn tie: af 
CDOCK sc irpitettae ost et is aan vue oe Ns iL 


Signatures for DSA Setup A (Schematic 4C) 


VH Al1U23-7 FHPA A1U27-7 C43H 
A1U23-9 BTCA A1U27-9 C6P3 
A1U24-7 O8F5 A1U28-7 FA2P 
A1U24-9 AHA3 A1U28-9 427H 
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Slow Clock Runs. The microprocessor also reads the 
memory index counter when a run is in process and a 
very slow clock isin use. In this case, the display informs 
the operator of how many valid words have been cap- 
tured into memory as the run progresses. 


DSA SETUP C. 


1. Remove assembly Al and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for Al 
and install Al on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


d. Connect signature analyzer stop line to same 
point as start line, step b above. 


e. Connect signature analyzer clock line to ASTP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


STAR D tig ecto gaan Cho eiu seen meade, a 
SIOP ciscsevseverateaeaceseltosdeieta tas ih 
CLOCK catssniasatsinteeeuwenseeaouneiatads as 


Signatures for DSA Setup C (Schematic 4C) 


VH A1U1-16 0001 A1U27-2 5555 
A1U23-1 95F3 A1U27-14} UUUU 
A1U23-2 5555 A1U27-15| 95F3 
A1U23-14 | UUUU A1U28-1 95F3 
A1U23-15 | 95F3 A1U28-2 5005 
A1U24-1 95F3 A1U28-14} UUUU 
A1U24-2 5555 A1U28-15| 95F3 | 


A1U24-14; UUUU AlU43-1 3827 
Al1U24-15; 95F3 A1U43-2 5H21 
A1U27-1 95F3 A1U43-3 95F3 
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Figure 8-21. 


State Memory and Address Counter (P/O Al) Schematic 
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PRINCIPLES OF OPERATION 


There are four independent threshold drivers in the 
1615A, one for each probe pod. This prevents threshold 
errors due to ground differences between pods. There are 
only three threshold voltage selectors in the 1615A: one 
for the clock probe, one for the 8-bit data pod, and one for 
the combined 16-bit data pods. Isolation is sufficient 
between the threshold drivers so that a failure occurring 


Model 1615A 


in one threshold driver may not affect the operation of 
any other threshold driver. 


The four threshold drivers are identical. Only one will be 
discussed. U58C and Ud58D form an amplifier stage with 
a gain of -0.2 (divide by 5). R38 isolates U58D from the 
capacity of the probe cable, and provides for matching 
the offset currents of the comparators inside the probe 
pod. C9 provides low frequency rolloff in the threshold 
amplifier. C40 protects U58 against high frequency 
transients. 
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Figure 8-22. Probe Threshold/Input Assembly A9, Parts Identification 
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PARTS ON THIS SCHEMATIC 
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Figure 8-23. 


Probe Thresholds (A9 and P/O A1) Schematic 
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Figure 8-25. 
Block Diagram, 16-bit Data-acquisition Section for Schematic 5A 
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PRINCIPLES OF OPERATION 


Trigger Memory Programming. There are two trigger 
memories on assembly A4: U2 and U3. Both trigger 
memories are loaded with the same trigger data, but 
only one memory is used during any trace. U2 is used 
during 24-bit synchronous traces, and U3 is used during 
8-bit asynchronous traces. 


When loading the trigger data into the trigger memories, 
the parallel-enable inputs of input latches U31 and U17 
are high. This forces the input latches to operate as 
hexadecimal count-up counters. Their reset inputs are 
set high during the 3800-yusec LMRST period, and then 
low again so that their count begins at binary 0. Their 
count addresses both memories: U2 directly, and U3 
through U18 and U32. The data for each memory 
address (valid or invalid trigger state) is supplied from 
the microprocessor on data bus line HDBO. 


At the end of the trigger-programming period, LDACQ 
(ECL) (Low Data Acquire, ECL) from U45A switches 
low, forcing U31 and U17 to operate as latches for data 
from the line receivers. The latches supply their outputs 
to the synchronous trigger memory and to translators 
U33 and U20 which drive the 8-bit sampled-data 
memory. The low also switches U18 and U32 to select 
the outputs from the line receivers and deliver these to 
the asynchronous trigger memory. 


Synchronous Trigger Operation. The synchronous 
trigger memory (U2) is used during 24-bit synchronous 
operations. The software configures the machine to bein 
the 16-bit triggers 8-bit mode. L24BST(ECL) (Low 24-bit 
State, ECL) is low. It forces U45D low to enable U2. The 
output of U2 is wire ORed with the output from the 16-bit 
synchronous trigger memories on assembly Al. When 
the 24-bit trigger word is recognized, all outputs from the 
16-bit trigger memories and the 8-bit synchronous 
trigger memory go low, providing L24BST(ECL). This 
provides for selecting trigger qualification on data sets 
up to 24 bits wide. In this mode, P8SCLK is the exter- 
nally supplied synchronous trigger. 


Asynchronous Trigger Operation. U3 is an ECL memory 
device. In the high output state, U3 can absorb high cur- 
rent, but in the low output state, U3 absorbs very little 
current. The input data through U18 and U32 is applied 
to the address inputs of U3. When these data comprise a 
valid trigger word, the output of U3 ramps down toward 
-).2 V. When it crosses a preset threshold level, UIC 
generates a positive transition to initiate the 8-bit 
asynchronous trigger. If the trigger pattern occurs, but 


does not remain long enough for the US ramp to cross 
threshold, the high output from U3 will immediately 
reset the RC circuit to the high state. 


The rate at which the low output state of U3 can change 
toward -5.2 V is dependent upon the trigger duration 
selected in the menu by the operator. With the fastest 
trigger duration selected, R6, adjustment R20, and Cl 
provide the shortest ramp-down period. Longer trigger 
durations are selected by providing a low output on one 
of the inverters in U19 via U46. This connects additional 
capacitance into the RC network. Each capacitor is dedi- 
cated to one of the trigger-duration selections. 


Trigger Generator. The asynchronous trigger generator 
consists of both sections of U43 and U44. LRST (Low 
Reset) switches low during microprocessor reset period 
to each trace. This ensures that the output of U43A is 
high and U43Bis low. This sets U44B, providing the not- 
triggered output condition when the trace starts. 


In 8-bit asynchronous triggering with no glitch trigger, 
U44B is used as an asynchronous latch. At the end of the 
reset period, LRST returns high again and remains high 
for the entire run. This enables one OR input tothe AND 
functions of U43A and U43B. When UIC recognizes its 
trigger state for the selected duration, its positive transi- 
tion satisfies the other OR inputs. Now U43A switches 
low and U43B switches high, resetting U44B to generate 
the 8-bit asynchronous trigger state. When the trigger 
state on UIC disappears, U43B switches low and U43A 
sets U44B again, ending the 8-bit asynchronous trigger 
state. 


When glitch detection is included in the 8-bit asynchro- 
nous trace, U44A is added to the trigger circuitry and 
U43A is eliminated. The purpose of this change is to 
stretch the 8-bit asynchronous trigger state to ensure 
that glitches will be captured regardless of whether they 
occur within or outside of the normal sample period. 


HGTRGENA (High Glitch Trigger Enable) is high in 
this mode. U6D uses this high state to satisfy one OR 
input of U43A. With LRST high, U43A will remain low. 
This releases the set input of U44Band the reset input of 
U44A. Now U44A remains in the set state and U44Bin 
the reset state after the end of trigger recognition from 
UIC. 


The D input of U44A is low after the end of the recog- 
nized trigger state from UIC. P8SCLK(ECL) (Positive 
8-bit Sampled clock, ECL) clocks this low into U44A, 
resetting the Q output high. LGLITCHRESET(ECL) 
occurs after PSSCLK(ECL). It clocks the high on Q into 
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Figure 8-26. Timing Data-acquisition Assembly A4, Parts Identification 
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Figure 8-27. 


Timing Data-acquisition (P/O A4) Schematic 
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SERVICE SHEET 5B 
PRINCIPLES OF OPERATION 


A glitch is defined as logic transitions occurring in both 
directions within one sample period. A sample of the 
logic level at the beginning of the sample period is sup- 
plied as a reference to each glitch detector. If the logic 
level of the channel is 0 at the start of the sample period, 
then a transition from logic | tologic0 during that same 
sample period will indicate that a glitch has occurred. 


This discussion is directed to the simplified schematic 
and accompanying set of waveforms. Each of the eight 
channels in probe pod 1 has a separate glitch detector. 
All eight glitch detectors are identical. Each glitch detec- 
tor consists of two identical detector halves. The two 
detector halves operate on alternate sample periods. 
One detector half is active during the first sample 
period. Then in the next sample period, it is read and 
cleared while the other detector half is active. 


At TO, HRST (High Reset) from the microprocessor 
resets all four glitch-detection flip-flops prior to run 
start. At T1, PBSCLK(ECL) (8-bit Sample Clock, ECL) 
arrives. With each cycle of PBSCLK(ECL), USB changes 
states, switching enable levels between U7A/C and 
U7B/D. These OR/NOR gates enable their associated 
circuits when both inputs are low. This discussion will 
describe the case where the enable is applied to U7A/C 
(U5B-Q is low and Q is high). 
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Model 1615A 


Since LGLITCHSET(ECL) is high at T1, no enable 
occurs in U7A/C, but enable levels are applied to the J 
inputs of glitch-detection flip-flops U36A and U48A. 
Any time that the line receiver detects a logic transition 
during the sample period, the associated glitch- 
detection flip-flop will clock its J input. A positive-going 
transition clocks one flip-flop and a negative-going tran- 
sition is inverted to clock the other flip-flop. 


At T2, L@LITCHSET(ECL) switches low. This switches 
U7A/C to activate both initial-condition gates U387A 
and U49A. Depending upon the logic state of the initial 
condition, one of these two gates will set its associated 
flip-flop. The set flip-flop corresponds to a logic transi- 
tion away from initial condition. The set flip-flop places 
logic 0 on the associated input of U39A. 


At T3, the initial-condition gates are disabled for the 
remainder of the sample period. Now the remaining JK 
flip-flop waits for its transition (transition to initial con- 
dition) to clock its logic 0 to U39A. 


At T4, the outputs of U5B switch, removing the enable 
levels from the J inputs of U386A and U48A, and apply- 
ing enable levels to the J inputs of the glitch-detection 
flip-flops in the other half of the circuit. Also, USB ap- 
plies logic 0 to the third input of U89A. If a glitch was 
detected during the sample period, both Q outputs from 
the flip-flops will be low. The third low now sets U39A 
high. This sets U47A high, providing the glitch-detected 
level through translator U43A to the glitch memory. 
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Glitch Detectors 0 through 3 and Control (P/O A4) Schematic 
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Figure 8-30. Block Diagram, 8-bit Data-acquisition Section for Schematic 5C 
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SERVICE SHEET 6A 
PRINCIPLES OF OPERATION 


Service sheet 4C contains a detailed explanation of the 
memories, output selectors, and counters used in the 16- 
bit synchronous data portion of the 1615A. Most of the 
explanation applies directly to the circuits shown on ser- 
vice sheet 6A for the 8-bit machine. Read the principles 
of operation given on service sheet 4C. The following 
paragraphs will discuss the differences between that cir- 
cuitry and the circuitry used in the 8-bit machine. 


Memory Index Counter. The purpose of the memory 
index counter is to end data capture when a full memory 
of valid data is obtained. There are three different modes 
of operation which use the memory index counter: 
START display with internal clock, START display 
with external clock, and END display with internal 
clock. (In the END display mode with external clock, the 
run stops when the trigger is recognized so the memory 
index counter is not used.) 


Timing diagrams display 249 bits of memory along each 
trace on the CRT. Since the memory contains 256 loca- 
tions, but displays only 249, 7 bits of captured data are 
blanked during display of a timing diagram. In order to 
position the trigger word within the 249 displayed bits, 
the memory index counter is preloaded to a different 
count for each of the three modes. The particular value of 
preload in each mode is governed by the logic levels of 
H8START (High 8-bit Start Display) and H8ECLK 
(High 8-bit External Clock). The preload occurs when 
LMRST (Low Master Reset) switches low before each 


new run. 


START Display/ External Clock. In this mode, the mem- 
ory index counter is preloaded to binary 1 (pin 3 of U37 
high and all other U37 and U38 inputs low). With this 
preload, the trigger word will be stored in memory loca- 
tion 0. The first 249 bits of captured data are displayed in 
this mode. 


START Display/Internal Clock. In this mode, the 
memory index counter is preloaded to binary 16. This 
places the trigger word in memory location 15. The first 
seven locations in memory are masked by the channel 
number. Then the next 249 memory locations are pre- 
sented on the display. In this mode, 240 bits of data 
acquisition will be captured before the counter signals 
run complete. There will be 15 wordsin memory preceed- 
ing the trigger word; thus 8 bits of pretrigger informa- 
tion will be displayed. 


END Display/Internal Clock. In this mcde, the memory 
index counter is preloaded to binary 241. This ensures 
that 15 additional words of data wili be captured in 
memory after trigger recognition; thus 8 bits of post- 
trigger information will be disvlaved. 


The memory index counter will count to 25d and gener- 
ate terminal count. The high terminal count is ANDed 
with H8STE (High 8-bit Store Trigger Events) in U23C, 
placing a high on the D input of U36B. H8STE is always 
high, except during receipt of a word other than the 
trigger word when in the trace events mode. The next 
clock (clock 256) will set U36B, providing H8RCP which 


stops the flow of clocks to the 8-bit memory. 


Up/Down Counters U44 and U45. In the unmagnified 
mode of operation, these counters are used to remember 
the address of data 0 (the first word captured in memory 
during a trace). The memory address counter always 
stops at the address of data 0 when a trace is complete. 
At the end of each trace, the microprocessor parallel- 
enables U44 and U4d to assume this address. 


In the unmagnified mode of operation, the first seven 
bits of display are used to present the channel number. 
The next 249 words of memory (beginning with data bit 
8) are displayed as the timing diagram. At the end of 
each sweep, LMACLD (Low Memory Address Counter 
Load) switches low. This parallel-enables U31 and U32 
to the address from the up/down counter before begin- 
ning the next sweep. 


In START display with external clock, the trigger word 
is located in data 0. Normally this portion of the data 
memory is used to show the channel number. To obtain a 
display which shows data 0 as the first word in the tim- 
ing diagram, the up/down counter is counted down 
seven addresses by the software when this mode is 
selected. Now it assumes the address of data bit 249. 
When the display begins, the memory address counter is 
parallel-enabled to address 249. The alphanumeric 
channel number is presented during the first seven bits 
of display, and timing diagram begins with the eighth 
bit to be counted, data 0. 


Memory Index Counter and Associated Logic. To under- 
stand the function of the memory index counter and the 
associated logic used in the 8-bit circuitry, each of the 
four 8-bit modes of operation must be described. 


Start Display with Internal Clock. In this mode, the 
trigger point is the eighth dot into the display. 
H8START is high on pin 4 of U5A. Each 14th count of 
the memory address counter is decoded by U18C which 
places a low on pin 5 of USA. This places a high state on 
the J input of U19B. The 15th clock in the trace gener- 
ates H8VME from U19B. 


H8VME enables the trigger circuitry. After trigger 
requirements are met, the next occurrence of PBCCLK 
will clock the memory index counter. The memory index 
counter advances to count 255 and enables U36B. The 
next P8CCLK will generate H8RCP which stops clocks 
during data acquisition, leaving the memory address 
counter at the address of data 0. Since the trigger is 


Service 


located at state 15, it will appear as the eighth bit on the 
timing diagram display. 


Start Display with External Clock. H8VME is valid 
from the moment this mode is selected. H8START places 
a high on pin 11 of U5B. H8ECLK places a high on 
pin 10. This forces U5B low, setting U19B to generate 
H8VME. In this mode, the memory index counter is 
parallel-enabled to binary 1 at the start of the trace. This 
places the trigger werd in data 0 of the memory index 
counter. Since H8KCP is generated at count 255 of the 
memory index counter plus one clock for U36B, the 
memory address counter is stopped at data 0, the trigger 
word. 


End Display with Internal Clock. In this mode, H3VME 
is generated at count 255 of the memory address counter 
plus one clock for U19B. H8START is low, placing a 
high state on pin 3 of U5A. Terminal count in the 
memory address counter is inverted by U21D to placea 
low on pin 2 of USA. This places a high state on the J 


Model 1615A 


input of U19B. The next clock to U19B generates 
H8VME, enabling the trigger circuitry. When trace 
point is recognized, pin 6 of U36 (schematic 6B) goes 
high, permitting the memory index counter to respond to 
incoming clocks. The memory index counter is parallel- 
enabled to count 241 at the beginning of a trace. This 
places the trace point at data 240 of the memory index 
counter. H8RCP is generated at count 255 plus one clock 
for U36B. This permits the 1615A to end the trace. Since 
the trace point is located in data 240, the trigger point is 
nine clocks in from the end of the timing diagram on the 
display. 


End Display with External Clock. In this mode, the 
memory index counter is not used. U46A decodes this 
mode and sets U36B high to provide H8RCP imme- 
diately. H3START is low, placing a high state on pin 3 of 
UdA. Pin 2 switches low at terminal count from the 
memory address counter. This places a high state on the 
J input of U19B. The next clock generates H8VME. This 
releases the data-acquisition circuitry to search for the 
trigger that will end data-acquisition. 
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SIGNATURE ANALYSIS FOR SCHEMATIC 6A. 


The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 


a 


i. Remove assembly A3 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A3, 
and install A3 on the extender. 


3. Remove microprocessor board Ad from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5TP8 


(use pin 17 of A5U11 if A5 is part number 01615-66505). 


a4 linn fun than wet nenmnenaccany 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


DER EY Ly spice us nched ed hierdie Sead meek aed de tion ae ats L 
DOR 5 ge irasa Sah hme aaenk ang eae ee ooh ga 2%: a 
CLOCK, 63:1 sunt tateciaean pan icheawtenres af 


Signatures for DSA Setup A (Schematic 6A) 


VH A3U1-16 C&ESC A3U48-5 427 
A3U20-5 FHPA A3U49-7 C43H 
A3U20-6 7C7A A3U49-9 C6P3 
A38U44-1 57CA A3U50-7 O8F5 

| A3U44-9 7C7A | A3U50-9 AHA3 | 

| AdU40-1 57CA A3U51-7 FHPA | 

| A3U45-9 7CTA | ABUB19 | 57CA | 
A3U48-7 PA2P 


DSA SETUP C. 


1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A3 


and insiall A3 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


d. Connect signature analyzer stop line to same 
point as start line, step c above. 


e. Connect signature analyzer clock line to A5TP8 


(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is tha DRIN line fram tha minrvanyvannaany 


gaan Vasey 27 4a7kd anid aavVu1il tie a1lsULup. ccessor . 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


GTAR Toes os cdeteoe toieulasa hehe: as 
SP OP itso tis teen ak a teeecava beh cha saake ds of 
CLOCK 36 sine enlist Batak cats Wiad ences L 


VH A3U1-16 A38U49-14 | UUUU 


A3U35-9 A3U49-15| 59UA 
A3U46-11 A3U50-1 | 59UA 
A3U46-12 | 3827 A3U50-2 | 5555 
A3U46-13 | OAFA A3U50-14| UUUU 
A3U48-1 | 59UA A3U50-15| 59UA 
A3U48-2 | 5555 A3U51-1 | 59UA 

| A3U48-14 uuuU | A3U51-2 | 5555 | 

| A8U48-15} 59UA A3U51-i4| UUUU 

| A8U491 | 59UA | A3U51-15 | 59UA 

| A8U492 | 5555 | | | 

w 


DSA SETUP D. 


1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A3 
and instali A3 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit Ald. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


Service 


Reinstall A5 in 1615A mainframe. 
NOTE 


DSA jumper on A5 remains in NM (normal) 
position for this test setup. 


Set up signature analyzer as follows: 


A38U44-2 
A3U45-2 
A38U46-13 
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PRINCIPLES OF OPERATION 


Trigger Mode and Delay. Prior to run start, the micro- 
processor clocks logic levels from HDBO into U22, U24, 
and U25. These logic levels select the delay count and 
mode of triggering for the 8-bit machine, according to 
the menu selections made by the 1615A operator. The 
delay count is parallel-enabled into the 8-bit delay count- 
er (U8 through U12) before trigger recognition. When 
trigger recognition occurs H8TFP switches high from 
U19A, releasing the delay counter to respond to PSTCLK 
(Positive 8-bit Trigger Clock). 


Glitch Trigger. When a glitch requirement is selected as 
part of the trigger specification, pin 5 of U22 is set high. 
U17 is loaded with high logic levels to activate each 
channel that will be monitored for a glitch. Each high 
level activates one AND gate in U43 or U30. The chan- 
nels which are not selected receive low levels from U17. 
If a glitch in channel 0 is selected as part of the trigger 
specification, U17 places a high state on pin 10 of U43 
and low states on all other pins of U43 and U30. Whena 
glitch is detected in channel 0, H8SG0 will switch high, 
completing the AND requirement for U43. This forces 
U43 low which produces a high state from U18B. This 
activates one side of U6D to accept H8ATGT (8-bit Asyn- 
chronous Trigger). 


The menu shows the glitch requirement as an OR field. 
One channel in U43 or U30 is enabled for each glitch 
trigger specified. Any glitch detected in any one of the 
enabled channels will satisfy the requirements of U18D. 
When no glitch is required as part of the trigger specifi- 
cation, U22 sets pin 3 of U18D low, enabling U6D. 


Asynchronous Trigger. H8ATGT occurs during the time 
that the 8-bit trigger is recognized. U21B and U21C 
supply the 8-bit trigger to a connector on the 1615A rear 
panel for triggering an oscilloscope. When loading 
trigger information into the trigger memories, HLDTG 
prevents U21C from generating triggers to the rear- 
panel connector. 


When H8ATGT occurs, U6D switches low, depending 
upon glitch requirements. This low sets RS latch U6A 
and U6B. With the RS latch set, the next clock will gener- 
ate H8TFP (High 8-bit Trigger Flip-flop) from the Q out- 
put of U19A. H8TFP is supplied to U47, pin 5. If no 
trigger delay was selected, U47 will generate L83TRC 
(Low 8-bit Trace Point). 


If a delay was specified, pin 6 of U47 will control genera- 
tion of L8TRC. U28A decodes states 14 and 15 from U8. 
This is ANDed with H8TFP and terminal count from 
delay counter U12. U23B generates a high state one 
clock period before the end of the delay period selected in 
the menu. This high state is placed on the D inputs of 
U34A and U34B. U34A activates U47 to generate 
L8TRC, and U34B initiates the reset function. 


U33 inverts L8TRC and applies a high state to pin 3 of 
U47. Pin 2 of U47 is always high, except during HRST 
(High Reset) before each trace. This latching circuit 
ensures that once L8TRC switches low, it will remain 
low for the entire trace. U36A synchronizes the internal 
clock with the external clock to control count-enable in 
the memory index counter. 


Reset Logic. U34B supplies a high state to U7B when the 
trigger plus delay specification is met. The other input to 
the AND function in U7B is H8TFP. When U7B 
switches low, it clears U34B and initiates a high reset 
pulse from U6C to clear U7A and U7B. This resets RS 
latch U6A and U6B and trigger flip-flop U19A. 


24-bit Mode. In 24-bit synchronous operation, the 1615A 
captures synchronous data words up to 24 bits wide. To 
do this, the 1615A triggers in the 16-bit triggers 8-bit 
mode. H16TRG8 is high on pins 1 and 13 of U47. When 
both the 8-bit and 16-bit trigger memories meet their 
specified trigger words, assembly A2 supplies HI6TFP. 
H16TDLY is ANDed with the first two signals at the end 
of the selected delay period. This generates L8TRC from 
U47. Since L8TRC is coincident with LI6TRC in this 
mode, both machines acquire data at the same point. 
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Figure 8-36. Block Diagram, 8-bit Data-acquisition Section for Schematic 6B 
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Model 1615A 


SIGNATURE ANALYSIS FOR SCHEMATIC 6B. 


DSA SETUP A. 


1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A3, 
and install A3 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


e. Connect signature analyzer clock line to A5STP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in the 1615A mainframe. 


5. Set up signature analyzer as follows: 
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Signatures for DSA Setup A (Schematic 6B) 


VH A3U1-16 
A3U17-2 
A3U22-2 

A3U35-1 

A3U35-13 

A3U46-5 


Service 


signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 


beginning of this Section. 


DSA SETUP D. 


1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A3 
and install A3 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 
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4, Reinstall A5 in 1615A mainframe. 
NOTE 


DSA jumper on A5 remains in NM (normal) 


position in this test setup. 


5. Set up signature analyzer as follows: 
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PRINCIPLES OF OPERATION 


Internal Clock Generation. Y1 and associated circuitry 
comprise a 20-MHz oscillator which originates all inter- 
nal clocks in the 1615A. U18 and U19A comprise a 
divide by 2,5, and 10 network which obtains the frequen- 
cies for development of all internal clocks. Prior to each 
trace, the microprocessor supplies U3 with an 8-bit 
binary word on HDBO. These eight bits select a specific 
trigger mode and internal trigger frequency according 
to the operators menu selections. When pin 13 of U3 is 
high, U19A divides the 20-MHz oscillator output by 2, 
supplying the clock through U17D and U37D. This sig- 
nal also parallel enables U18 after every pulse to reset 
the counter. 


When pin 12 of U3 is high (and pin 13 low), U19A divides 
the 20-MHz signal by 5, parallel enabling U18 after 
every fifth clock. 


Divide-by-10 is obtained by placing lows on pins 12 and 
13 of U3. This disables U19A. The terminal count from 
U18 is the clock signal. 


Asynchronous ripple counters U5, U6, and U7 are six 
divide-by-10 stages. Multiplexer U4 selects one of the 
clock frequencies from the ripple counters according toa 
three-bit code from U3. This is the asynchronous inter- 
nal clock supplied through U28D and U41D. 


External Clock. The PECLK and NECLK (Positive and 
Negative External Clocks) from the clock pod enter A2 
as a differential signal. They are buffered and/or 
inverted through U41B and supplied to U40A and U40B. 
U2A controls U39A and U39B which select either the 
positive or negative edge of the external clock for strobe 
generation. 


Microprocessor Clock. Prior to the start of a trace, the 
microprocessor generates a series of clocks to load the 
trigger memories in the 16-bit and 8-bit data-acquisition 
circuits. During this time, the microprocessor cuts off 
the internal and external clocks by setting HLDTG 
(High Load Triggers) high and H8ECLK (High 8-bit 
External Clocks) low from pins 3 and 4 of U3. The high 
HLDTG through U37C disables U4. HLDTG also forces 
pin 14 of U2C high to disable U40B. The low H8ECLK is 
inverted by U2B to disable U40A. 


The microprocessor clocks are decoded by UdlA 
through U51C. U43C and U43D supply the trigger-load 
clocks to the trigger memories in the 16-bit and 8-bit 
data-acquisition circuits. R58, R59, C27, and C28 protect 
against static discharge and provide proper signal lev- 
els for the TTL-to-ECL translators. U42A and U39C are 
enabled by inverting HLDTG through U2C. These gates 
supply the clocks that increment the counters in the 
data-acquisition circuitry to address the trigger memo- 


HLDTG is is eet iow . This stops therm microprocessor clocks 
and enables the internal and external clock circuitry 
(U4, U40A, and U40B) for data acquisition. 


Prerun Reset Period. After the microprocessor loads the 
trigger memories to the requirements of the menu, 
HRST (High Reset) switches high for 900 ns. During the 
HRST period, all glitch capture circuitry is initialized, 
and U2C places a 900-ns high on the D inputs of U15A 
and U15B to prevent generation of strobe pulses. When 
HRST switches low again, the D inputs of U15A and 
U15B are enabled and the 16-bit and 8-bit strobes begin. 


Strobe Generation. The wire-ORed clock for the 8-bit 
machine (from U40A or U41D) clocks in the low D input 
of U15A. This resets the Q output, starting a negative- 
going charge on C7. The rate at which C7 charges 
toward -5.2 V is controlled by R10 and R6. 


When the voltage on C7 is sufficiently negative, U1C 
provides a positive step output. This clocks U14B and 
sets U15A, returning the Q output high. This positive 
step is also gated through U39D and U42D to initialize 
the glitch-detection circuitry on assembly A4. R10 is 
adjusted to delay generation of the positive step from 
UIC by exactly 21 ns after receipt of the clock on U15A. 
This 21-ns delay is sufficient to allow all circuitry within 
the 1615A to be ready for the arrival of the 8-bit strobe. 


U14B and UIA, along with R11, R7, and C8 form the 
same type of circuit just described. R54 is added to aid re- 
covery time. The 8-bit strobe is taken from the Q output 
of U14B. R11 is adjusted for a Q pulse period ending 
49.5 ns after arrival of the 8-bit clock at U15A. This is 
the 8-bit clock strobe applied to clock gates U44 and U45, 
and delay gate U46. 


When HRST is low (after the prerun reset period), the D 
input of U15B is low. U15B is clocked by PI6SCLK(ECL). 
This resets U15B, driving the Q output low (inactive). 
Now pin 13 of UID receives a negative-going charge 
from R12, R9, and C9. Pin 12 of U1D receives one-half of 
VBB(ECL). R12 is adjusted to obtain a 21-ns delay 
before this negative-going level crosses the threshold in 
U1D. Then U1D switches high, clocking U14A and set- 
ting U15B to initial conditions so that it will respond to 
the next PI6SCLK(ECL). 


U14A receives a low on the D input (except during the 
trigger load period before each run). U14A provides a 
high Q output each time it receives a positive edge from 
U1D. This high activates U27B which starts the 16-bit 
strobe. The feedback loop from U1B to U14A is delayed 
by R8, R18, and C10. R13 is adjusted for a 49.5-ns strobe 
period. Then U14A is set and its Q output returns low. 


Test points TP2 and TP4 are used for measuring pulse 


delay and pulse period when making strobe adjust- 


ments, 


Gate Control, When HRST (1 Jioh es t) sun 


it clocks run/halt flip-flop U48A. Wi 


oI 
ae tA 


th pin 
U48A switched high and pin 6 low, the output gates are 
enabled to supply clocks to the memories, memory 
address and index counters, and the trigger and delay 
circuits for 8-bit and 16-bit data acquisition. At the end 
of a trace for data acquisition, U37C clears U48A. This 
stops the data acquisition clocks and enables gates in 
U30 and U45 so that the microprocessor can supply 
clocks to read the memories when presenting a display. 


nt6RCP 


Run Status Gates 


Memory Write Clocks. See simplified diagram. U44 sup- 
plies memory-write clocks to the 8-bit memory. It oper- 
ates only during a trace which includes 8-bit data 
acquisition. The end-trace AND function is enabled dur- 
ing end-display modes. It supplies clocks from the 
moment that the trace begins (HRUN switches high) 
and stops when the specified trigger plus delay is recog- 
nized (L8TRC switches low). The other AND function is 
enabled during start-display modes. It supplies clocks 
from the beginning of the run (HRUN switches high) 
and continues until the 8-bit memory is filled with valid 
data (83RUNSTAT switches low). U29 performs the same 
function for the 16-bit data acquisition. 
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HLDTG is set low. This stops the microprocessor clocks 
and enables the internal and external clock circuitry 
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(U4, U40A, and U4UD) tor data acquisition. 


Prerun Reset Period. After the microprocessor loads the 
trigger memories to the requirements of the menu, 
HRST (High Reset) switches high for 900 ns. During the 
HRST period, all glitch capture circuitry is initialized, 
and U2C places a 900-ns high on the D inputs of U15A 
and U15B to prevent generation of strobe pulses. When 
HRST switches low again, the D inputs of U15A and 


T15 ahla na A QhWst at 
U 15Ba are enabled a ana the 16- bit ana 6-vDit strobes begi a. 


Strobe Generation. The wire-ORed clock for the 8-bit 
machine (from U40A or U41D) clocks in the low D input 
of U15A. This resets the Q output, starting a negative- 
going charge on C7. The rate at which C7 charges 
toward -5.2 V is controlled by R10 and R6. 


When the voltage on C7 is sufficiently negative, U1C 
provides a positive step output. This clocks U14B and 
sets U15A, returning the Q output high. This positive 
step is also gated through U39D and U42D to initialize 
the glitch-detection circuitry on assembly A4. R10 is 
adjusted to delay generation of the positive step from 
UIC by exactly 21 ns after receipt of the clock on U15A. 
This 21-ns delay is sufficient to allow all circuitry within 
the 1615A to be ready for the arrival of the 8-bit strobe. 
U14B and U1A, along with R11, R7, and C8 form the 
same type of circuit just described. R54 is added to aid re- 
covery time. The 8-bit strobe is taken from the Q output 
of U14B. Ril is adjusted for a Q pulse period ending 
49.5 ns after arrival of the 8-bit clock at U15A. This is 
the &-hit clock strohe applied to clock gates 44 and 45 


to clock gates U44 and U45, 
and delay gate U46. 


When HRST is low (after the prerun reset period), the D 
input of U15B is low. U15B is clocked by PI6GSCLK(ECL). 
This resets U15B, driving the Q output low (inactive). 
Now pin 13 of U1D receives a negative-going charge 
from R12, R9, and C9. Pin 12 of U1D receives one-half of 
VBB(ECL). R12 is adjusted to obtain a 21-ns delay 
before this negative-going level crosses the threshold in 
U1D. Then U1D switches high, clocking U14A and set- 
ting U15B to initial conditions so that it will respond to 
the next PI6SCLK(ECL). 


LT14A receives a low on the Di 
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trigger load period hetoie e each ee UI4A ere 
high Q output each time it receives a positive edge Pee 
UiD. This high activates U27B which starts the 16-bit 
strobe. The feedback loop from U1B to U14A is delayed 
by R8, R1 3, and C10, R18 is adiusted for a 49.5-ns strohe 
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period. Then U14A is set and its Q output returns low. 


Test points TP2 and TP4 are used for measuring pulse 
delay and pulse period when making strobe adjust- 
ments. 


Clock Gate Control. When HRST (High Reset) switches 
low, it clocks run/halt flip-flop U48A. With pin 5 of 
U48A switched high and pin 6 low, the output gates are 
enabled to supply clocks to the memories, memory 
address and index counters, and the trigger and delay 
circuits for 8-bit and 16-bit data acquisition. At the end 
of a trace for data acquisition, U37C clears U48A. This 
stops the data acquisition clocks and enables gates in 
U30 and U45 so that the microprocessor can supply 
clocks to read the memories when presenting a display. 


U47A SRUN STATUS 
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Run Status Gates 


Memory Write Clocks. See simplified diagram. U44 sup- 
plies memory-write clocks to the 8-bit memory. It oper- 
ates only during a trace which includes 8-bit data 
acquisition. The end-trace AND function is enabled dur- 
ing end-display modes. It supplies clocks from the 
moment that the trace begins (HRUN switches high) 
and stops when the specified trigger plus delay is recog- 
nized (IL8TRC switches low). The other AND function is 
enabled during start-display modes. It supplies clocks 
from the beginning of the run (HRUN switches high) 
and continues until the 8-bit memory is filled with valid 
data (83RUNSTAT switches low). U29 performs the same 
function for the 16-bit data acquisition. 
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Memory Write Clock Generator 


Service 


Memory Address and Index Counter Clocks. U45 supplies 
clocks to increment the 8-bit memory address counter 
(MAC) and memory index counter (MIC). Separate AND 


enla 


gates are used for each of four modes: start display, end 
display, memory read for alphanumeric presentation, 
and memory read for timing diagram presentation. Dur- 
ing a trace for data acauisition, either the end-trace or 
start-trace AND function will generate the clocks. These 
two functions receive basically the same input signals 
that were supplied to their counterparts in the memory- 
write clock generator. H8QLY is added to these AND 
gates to hold off data acquisition until clock qualifier 


requirements are met, if selected in the &-bit menu. After 
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a data-acquisition run is complete, the run/halt flip-flop 
is cleared, disabling the start-trace and end-trace AND 
functions. 
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MIC and MAC Clock Generator 


To read the 8-bit memory for presenting a timing dia- 
gram, the microprocessor supplies a number of 
NMDCLK clocks to one AND function in U45. These 
clocks increment the 8-bit memory address counter. 
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Since no memory-write clocks occur at this time, data in 
the 8-bit memory is unaffected. The microprocessor uses 
a different AND function in U4d to supply clocks when 


mencantin : 3 la, HARI ; 
presenting alphanumeric displays. HABI is ANDed 


with HW15 to enable this AND function, and the clocks 
are supplied via data bus line HDB7. 


U30 provides the same functions for the 16-bit memory 
address and index counters. The gate used for timing 
diagram clocks in U45 is disabled in U30. 


Trigger Plus Delay Clock Generators. U46 supplies clocks 


to the &-hit tricger and dalav cireni itry. These clocks are 


UV weave Uva 45 St Aaa MUAY Vad Ue Bee VAUD Aa 


used to latch in trigger recognition and to increment the 
8-bit delay counters when trigger plus delay is selected. 
One AND function in U46 is enabied when counting in- 
ternal clocks to obtain a time delay. Another AND func- 
tion in U46 is used when counting delay by a number of 
external clocks. A third AND function is used to ensure 
that U46 is disabled except during data-acquisition 
runs. 


The clocks used in the 16-bit circuitry to latch in trigger 
recognition and to increment the 16-bit delay counters 
are supplied by U31A and U31B. 


HI6GQLY 4 
{6- BIT STROBE 5] U31B 


6 8ARM 16STROBE 


TRIG OCCUR CLK 


P8TCLK 


Trigger Plus Delay Clocks 
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Figure 8-88. 
Block Diagram, 16-bit Data-acquisition Section for Schematic 7A 
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Figure &-39, Block Diagram, 8-bit Data-acquisition Section far Schematic 7A 


Model 1615A 


RESET DATA 
8080 UP | | | | 
ALP AND 
DISPLAY 
ADDRE RAMS KEYBOARD 


CONTROL LINES 


HRI4 


ADDRESS BUS 


DATA BUS 


Figure 8-40. Block Diagram, Control Section for Schematic 7A 


IC’S on Schematic 7A 


po tate tee on Schematic 7A 


Ref Des 


HP Part No. Mfr Part No. faz sat Jas | as | chassis | 


C4-13,27,28,30 R21; XAl | P/O J8 


1820-0809 MC10115P 


1820-1173 MC10124L XA2 | P/O W4 
1820-1433 SN74LS164N R1-23,25,30,31, 
1820-1217 SN74LS151N 42 46-4854, 
1820-1991 SN74LS390N 55,58,59,61,65 
1820-1225 MC10231P 69,70 
1820-0683 SN74S04N TP2.4.7 
1820-1992 AM25LS160PC U1-7,14,15,17-19, 
1820-1158 SN74S51N P/O U5 27-31 37, 
1820-1730 SN74LS273N 39-48,51,52 
1820-2010 1820-2010 54-57 
1820-1173 MC10124L Y1 
1820-0691 SN74S64N 
U3i 1820-0681 SN74S00N 
U37 | 1820-1449 SN74832N | 
U39 1820-1831 MC10103L 
U40 1820-1946 MC10117L 
U41 1820-1320 MC10216L 
1 U42 ' 1820-0802 | MC10102P 
| U47 | 1820- 1322 SN74S02N | 
U4 TRIAQNA +t ART 


1826-0625 SN74S1i2ZN 
U51 1820. 1201 SN74LS08N 
U52 1820-1425 SN74LS132N 


SIGNATURE ANALYSIS FOR SCHEMATIC 7A. 


The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 


Service 


signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 


1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A2, 
and install A2 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5STP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


START “4 ccceacciaaeges ue dee eye ies L 
STOR Ss pea a uaauar cea abe ones alt 
CLOCK dents arahs doeeau seee tee neti Seaees ats 


Signatures for DSA Setup A (Schematic 7A) 


VH A2U3-14 C690 
| A2U3-2 | FHPA | 
A2U30-10 FA2P 
A2U45-10 427H 
A2U51-5 FA2P 
| 


| A2U51-10 | 427H 


DSA SETUP D. 


1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A2 
and install A2 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer ciock line to pin 18 
of A5U11. This is the microprocessor WR line. 


4. Reinstall A5 in 1615A mainframe. 
NOTE 


DSA jumper on Ad remains in NM (normal) 
position in this test setup. 


5. Set up signature analyzer as follows: 


START cic ses coed arhie dantcer aisales uf 
STOP ses dat fs het Mahl a wetter alr 
TOC Ks aes neously ial eithnbeine te eet roe ok 


VH A2U3-14 


A2U30-9 9118 

| A2U51-1 | 755P 
A2U51-2 UPFF 
A2U51-3 U982 

| A2U51-4 U982 


| A2U51-9 | U982 | 
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REF GRID REF | GRID}| REF | GRID REF | GRID REF |GRID| REF GRID| REF |GRID| REF | GRID REF | GRID] REF | GRID 
DESIG | Loc | DESIG | Loc | vesic | Loc | pesig | Loc | DESIG | Loc | DESIG | Loc | vEsiG | Loc | DESIG | Loc | DESIG | Loc } DESIG | Loc 
E-2 | c19 H-3 | C37 L-2 | R14 c-5 | R34 G-3 | R53 1-2 R70 1-6 | U10 K-6 | U27 D-3 E-2 
o L-1 | C20 C-6 | CRI c-3 | R15 C-5 | R35 G-3 | R54 B-4 | TP1 c-4 } U11 K-6 | U28 D-3 as F-2 
C3 D-5 | C21 J-5 | CR2 D-6 | R16 B-5 | R36 E-4 | R55 A-5 | TP2 E-3 | U12 L-6 | u29 E-3 | U46 G-2 
C4 E-4 | C22 M-5 | CR3 p-5 | R17 B-6 | R37 L-2 | R56 M-3 | TP3 3-4 | U13 M-6 | U30 F-3 | U47 G-2 
C5 E-4 | C23 C-4 | P1 1-1 R18 C-6 | R38 L-2 | R57 L-4 | TP4 E-4 | U14 B-4 | U31 G-3 | U48 H-2 
C6 C-5 | C24 G-5 | RI E-5 | R19 C-5 | R39 L-2 | R58 E-2 | TP5 A-6 | U15 C-4 | U32 G-3 | U49 \-2 
C7 C-4 | C25 M-3 | R2 E-5 | R20 B-5 | R40 C-3 | R59 E-2 | TPG M-6 | U16 D-4 | U33 H-3 | USO J-2 
c8 B-5 | C26 L-5 | R3 E-5 | R21 B-5 | R41 C-3 | R6O F-6 | TP7 E-6 | U17 G-5 | U34 -3 | U51 K-2 
c9 C-4 | C27 E-2 | R4 E-5 | R22 D-4 | R42 D-2 | R61 G-5 | Ul B-5 | U18 G-5 | U35 J-3 | U52 K-2 
C10 A-5 | C28 E-2 | R5 E-5 | R23 D-4 | R43 E-5 | R62 M-5 | U2 D-§ | U19 H-5 | U36 K-3 | U53 M-2 
C11 A-5 | C29 F-5 | R6 C-5 | R24 H-3 | R44 E-5 | R63 L-3 | U3 E-6 | U20 I-5 U37 K-3 | U54 D-6 
C12 D-4 | C30 D-2 | R7 B-5 | R25 D-3 | R45 D-4 | R64 J-6 U4 F-6 | U21 J-5 U38 L-3 | U55 B-4 
C13 D-4 | C31 J-4 | R8 A-5 | R26 E-5 | R46 H-2 | R65 E-6 | U5 G-6 | U22 K-5 | U39 B-2 | U56 B-1 
C14 G-3 | C32 B-3 | RQ C-5 | R27 E-5 | R47 E-2 | R66 K-4 | U6 G-6 | U23 K-5 | U40 B-2 | U57 D-1 
C15 L-2 | C33 E-3 | R10 C-6 | R28 1-3 | R48 G-2 | R67 L-5 | U7 H-6 | U24 L-5 | U41 C-2 | vRi1 D-5 
C16 J-5 | C34 F-3 | R11 B-6 | R29 I-3 | R49 I-5 | R68 L-4 | us 1-6 | U25 M-4 | U42 D-2 | vR2 E-6 
C17 c-3 | C35 J-3 | R12 c-6 | R30 F-3 | R51 J-3. | REO G-6 | U9 J-6 | U26 B-3 | U43 p-2 | v1 F-4 
cig 0-6 | C36 H-2 | R13 RB-6 } R31 F.2 | R52 1-5 | 


Figure 8-41. Trigger and Clock Assemhly A2, Parts Identification 
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Figure 8-42. 


Clocks (P/O A2) Schematic 
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SERVICE SHEET 7B 


PRINCIPLES OF OPERATION 


This portion of the circuitry generates the trigger that 
establishes trace point for a run of data acquisition in 
the state mode. When 16 bits of state information are to 
be captured, only the trigger memory on assembly Al is 
monitored. When the 24-bit state mode is selected, the 16- 
bit trigger memory is ANDed with the 8-bit trigger 
memory on assembly A4. This ensures that all 24 bits in 
the trigger word will be true before generating L16/ 
24STG(ECL) (Low 16/24-bit State Trigger, ECL). 


When a specified state trigger is recognized, the trigger 
memories supply L16/24STG(ECL), activating U16A 
through U16D. When U16B activates, it places high 
states on the D input of U20A and the J input of U34A. 


Trigger Occurrence Memory. The function of U34A is to 
remember that a trigger has been recognized at least one 
time during a trace. The high state from U16B is clocked 
into U34A, setting the Q output high. It remains high for 
the rest of the trace, performing many enable functions. 


Trigger Delay Equal to 0. If the operator has chosen delay 
equal to 0, the microprocessor loads a high state on pin 4 
of U22. This forces pin 8 of U21 low. When the selected 
trigger memories are valid, U50C switches low. This 
forces U47C high, releasing the clear input of U34B. The 
J input of U34B is always high, except when delaying by 
trigger occurrences. Therefore, the next qualified clock 
will issue HI6TDLY (High 16-bit Time Delay) from 
U34B. 


Pin 6 of U36 is always high, except in the 8-bit triggers 
16-bit mode. When trigger recognition is clocked into 
U34A, the high Q output is applied to pin 5 of U36, 
completing the AND function, and generating LI6TRC 
(Low 16-bit Trace Point). 


Delay Register. Before beginning a data-acquisition run, 
the microprocessor loads the delay register with the 
trigger and delay selections made in the 16-bit or 24-bit 
state menu. U23, U24, and pins 10 through 13 of U22 
contain a 24-bit number which represents terminal 
count minus delay in the delay counter. This is loaded 
into the delay counter during LRST, a 900-ns reset 
period from the microprocessor. LRST switches U31C 
output high, switching U19B low, clearing U20A and 
U34A. 


The low state from U34A is applied to the parallel- 
enable inputs of U9 through U13, forcing them to load 
the delay state from the delay register during the rising 
edge of the first clock. After the trace begins and trigger 
recognition occurs, U34A switches its output high, re- 
leasing the parallel-enable inputs of the delay counter. 


Delay Control. A high Q output from U20A enables the 
delay counter to count the delay period. The Q output of 
U20A is always high due to a low on pin 4, except when 
delay by trigger occurrences is selected. In this mode, 
U20A only enables the delay counter during clock 


periods which include a recognized trigger. 


Delay Gate U21 and Associated Circuitry. The delay gate 
activates trigger, reset, and enable circuitry when it 
provides a low output. This low output is generated in 
one of three different ways, depending on the mode of 
trigger delay: during the entire run when delay = 0 is 
selected; after recognition of a related number of inter- 
nal clocks when delay by time is selected; and after 
recognition of a number of trigger occurrences when 
delay by occurrences is selected. The logic for each of the 
three delay conditions is explained in the following 
paragraphs. 


When delay equal to 0 is selected, pin 4 of U22 is high. 
This enables one AND function of U21, forcing its out- 
put low for the entire run. 


When delay not equal to 0 is selected, several outputs 
from the delay counter are applied to U21. U13 contains 
the four most significant bits in the delay counter. When 
these four bits are 1111 (terminal count), U13 supplies 
enable voltages to the two AND functions dedicated to 
time and occurrence delays. 


U8B also supplies enable voltages to the same two AND 
functions. U8B delivers a high output on counts 14 and 
15 in U9 (the least significant bit counter). 


If trigger-occurrence delay is selected, then the top AND 
function in U21 is used. In this mode, the final enable is 
supplied by U8A. It decodes all odd numbered states 
from U9 and forces U21 low when U9 reaches count 15 
and the output of U20A is high (next trigger recogni- 
tion). 


Delay Gate and Trace Point Circuitry. In delay by trigger 
occurrences, the output of U21 switches low at the end of 
the delay period established in the menu. In delay by 
clocks, the output of U21 switches low one clock before 
the end of the delay period established in the menu. In 
delay equal to 0, U21 output is low from the start of the 
trace due to a high state on pin 4 of U22. 


The low output from U21 performs the following three 
functions: (1) it releases U47D (this removes the clear 
from U20B, enabling the reset function); (2) it releases 
U47C (this allows generation of a trigger through U34B 
as long as 8-bit and 16-bit valid memory conditions are 
correct); and (3) it forces U49A and U49B high (this 
provides H16STE and H8STE to enable the 8-bit and 16- 
bit memory counters for data acquisition. 
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Figure 8-43. Block Diagram, 16-bit Data-acquisition Section for Schematic 7B 
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U34B sets when the trigger plus delay specification is 
met. This high output is supplied to A3 where it triggers 


the 8-bit machine in the 16-bit triggers 8-bit mode. It also 
nahlac ana ANT) function in U36. When TT90R sets its 
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Q output initiates the reset cycle through U33B. 


Trigger Gate. U36 generates LI6TRC (Low 16-bit Trace 
Point). This enables the 16-bit memory index counter to 
limit the contents of the state memory during START 
display modes. In END display modes, L16TRC stops 
the run. It also activates the 16-bit ARMS 8-bit AOI on 
A383. U36 generates LI6TRC in the following three 


conditions: 


1. When 16-bit trigger plus 16-bit delay specification 
is met in the state circuitry. 


2. During 8 ARMS 16, after arming of the 8-bit is 
complete and the 16-bit trigger arrives. 


3. When in 8 TRIG 16 mode and all 8-bit trigger 
requirements are met. 


The low LI6TRC is inverted through U31D and applied 
to pin 9 of U36. Pin 10 of U36 is high, except during 
microprocessor reset, so U36 maintains LI6TRC until 
after the trace is complete. Pin 9 of U32C is set low at the 
beginning of a trace by the run/halt flip-flop. When U36 
generates LI6TRC, the high transition from U31D 
switches U32C low, providing the transition to the 
16/24-bit TRACE OUT connector on the rear panel. 


Reset Period and Oscilloscope Trigger Generation. U20B 
initiates the reset period. Its Q output switches high at 
the same instant that U34B generates HI6TDLY. The 
high from U20B is applied to pin 10 of U33B. Pin 9 of 
U33B is high after trigger recognition in U34A so U33B 
switches low. Part of this low state initiates the oscillo- 
scope trigger in U32A. Pin 3 of U32A is always low 
except when the microprocessor is loading the trigger 
memories. The low transition from U33B forces U32A to 
generate a positive-going trigger to the 16/24 BIT TRIG 
OUT connector on the rear panel. This is used for syn- 
chronizing an oscilloscope to observe electrical occur- 
rences coincident with the 1615A trace point. U32A gen- 
erates a new trigger every time the 1615A recognizes its 
trigger plus delay, even though U36 only initiates data 
acquisition the first time that the trace point is recog- 
nized. 


The low reset transition from U33B is also coupled 
through C14 to switch U31C high. The high output from 
U31C forces Ui9B to clear U20A and U34A, parailel- 


enabling the delay counter to terminal count minus 
delay. U31C also clears U20RB through U47D, nreparing 
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the circuitry to generate the next oscilloscope trigger 
when the next trace point occurs. 


Valid Memory Recognition. Trigger plus delay flip-flop 
U34B is normally held in the cleared state either by a 
high from U21 (before the end of the selected delay), or 


Service 


by a high from U50C (when it detects that either the 16- 
bit or 8-bit data memories are not valid). 


7a 


In igger modes except 16-bit arms/trigger 8-bit, 
U49C holds U48B in the preset state. This allows 
H16VME to control the holdoff of U34B through U50C 
and U47C. In START display modes, H16VME is high 
from the beginning of the run so U34B is released to the 


control of delay gate U21. 


In END display modes, U34B is held in the cleared state 
by U50C until after a full 256 bytes of valid data has 
been cantured in the 16-bit memory. To do this, H16 
VME remains low until the 16-bit memory has advanced 
a full 256 counts. Then HI6VME switches high, releas- 
ing U34B to the control of U21. 


During 16-bit arms or triggers 8-bit modes, LI6AT8 
forces U49C high. This removes the preset state from 
U48B, preventing recognition of HIGVME in U50C. 
H8VME will switch high only when the 8-bit memory is 
valid. This will be clocked into U48B. Then U50C will be 
able to recognize HI6VME. This ensures that the 8-bit 
asynchronous memory and the 16-bit synchronous 
memory will both be valid before recognition of trace 
point. The 1615A can not display partial timing dia- 
grams; without this additional holdoff, the 1615A would 
show a full timing diagram with no distinction between 
that portion of the diagram which contains valid data 
and that portion which would not contain valid data. 


8 Arms 16 Logic. This circuit holds off 16-bit trigger 
recognition until after the 8-bit trace point has occurred. 
Prior to a run in this mode of triggering, the micro- 
processor sets pin 6 of U22 high. The LRST (Low Reset) 
period at the beginning of each run presets the Q output 
of U38A high. U19B ANDs these two high states and 
clears U20A and U34A, preventing trigger recognition 
and delay counting. 


U33A is activated by the high state from pin 6 of U22 
and the positive edge of the strobe generator pulse. It 
provides clock pulses to U38A. When the trace point is 
recognized in the 8-bit instrument, L8TRC switches low. 
This low is clocked into U38A, forcing the output of 
U19B high. This releases U20A and U34A to recognize 
the 16-bit trigger and start the delay counter. The Q of 
U38A enables the AND portion of U36 which responds 
to 8-bit triggers 16-bit mode with internal clock. 


8 Triggers 16 Logic. This circuit allows the 8-bit trace 
point signal (L8TRC) to initiate the 16-bit trace point 
from U36 (L1I6TRC). Prior to a run in this mode of trig- 
gering, the microprocessor sets pin 3 of U22 high. U19B 
holds off trigger recognition and delay counting just as 


in 8 ARMS 16 mode. 


U38A is activated by the high state from pin 3 of U22 
and the negative edge of the strobe generator pulse. It 
supplies clocks to U38A. When L8TRC switches low (8- 
bit trace point occurs), U38A changes states. U36 ANDs 
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Service 
the high Q from U38A with the high state from pin 3 of 
U22 and generates LI6TRC. 


The bottom AND gate in U36 is enabled when the 8-bit 
triggers 16-bit mode is selected during use of an external 
clock. It ANDs the high 8 triggers 16 from pin 3 of U22 
with the 8-bit trigger recognition and time delay from 
assembly A3. 


Delay by Trigger Occurrences. In this mode, the micro- 
processor sets pin 5 of U22 high prior to run start. This 
removes the preset from U20A. The Q output of U20A is 
only clocked high after each trigger recognition, and 
clocked low again during periods of nontrigger recogni- 
tion. This allows the delay generator to count only those 
clocks that occur immediately after each trigger 
recognition. 


Pin 11 of U17E also receives the high from pin 5 of U22. 
This forces pin 10 low, cutting off VR1. Now U16D 
places a high state on the inputs of U34B and U20B only 
during those clock periods which include a recognized 
trigger. This prevents generation of LI6TRC during 
other clock periods. 


SIGNATURE ANALYSIS FOR SCHEMATIC 7B. 
The signatures on this schematic are obtained by using 
DSA Setup A. The red letters on the schematic signify 
the DSA setup to use when observing the signature on 
the adjacent IC pin. The setup and signatures are listed 
below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 


1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A2, 
and install A2 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 


move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 
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24-hit Trace Events with Delay = 0 Logic. The micro- 
processor sets pin 4 of U22 high before starting a run in 
this mode. This enables U16A and U16C by connecting 
them to Vgs through U35C. In this condition, U16A and 
U16C previde high outputs only when a trigger is 
recognized. Their high states are connected through hot- 
carrier diodes to the count-enable-parallel inputs for the 
memory index and memory address counters in the 8-bit 
and 16-bit instruments. 


In trace trigger events with delay not equal to 0, pin 4 of 
U22 is low. This sets U35C to provide a steady high 
output, forcing the outputs of U16A and U16C high, 
regardless of trigger recognition. In this mode, H16STE 
and H8STE are supplied through U49A and U49B, as 
controlled by delay gate U21. This circuit holds off 
counting in the memory address and index counters 
until the end of the delay period. 


In all other modes of operation, U49A and U49B provide 
steady high states to continuously enable the counters. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 
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PRINCIPLES OF OPERATION 


U53 is enabled when the microprocessor reads the 
status of circuits within the 1615A. U25A is used by the 
microprocessor to latch the trigger and clock 
specifications for each data-acquisition run. 


External Trigger. The external trigger signal from the 
clock probe is connected through assembly Al to U41A 
on assembly A2. U41A supplies the trigger waveform 
and its complement. The state on pin 19 of U25 
determines which slope of the waveform will trigger the 
1615A. When pin 19 of U25 is high, U42A is enabled 
through U43B; this selects the positive edge trigger. 
When PETRG (ECL) switches high (negative edge 


126A. This sets the Q of 


switches low), U42B clocks 
U26A high. With arrival of the next P8SCLK(ECL) 
(positive-edge 8-bit sampling clock, ECL), U26B will 
provide the 8-bit asynchronous trigger condition. At 
this point, the Q output of U26B sets U26A, returning it 
to the pretrigger condition. U28A prevents operation of 
U26B, except when the external trigger is selected. 


Slow-clock Detector. When U38B is clocked, its output 
switches high. When the microprocessor reads status 
through U53, the high HDB4 is interpreted as a normal 
condition. After reading the high, the microprocessor 
clears U38B through HDB5 on U52C. A predetermined 
time elapses before the microprocessor again reads the 
output of U38B. If a clock has occurred during that 
period, HDB4 will again be high. If no clock has 
occurred, HDB4 will be low and the microprocessor will 
place the SLOW CLOCK notation on the 1615A CRT. 
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Figure 8-45. Block Diagram, 8-bit Data-acquisition Section for Schematic 7C 
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SIGNATURE ANALYSIS FOR SCHEMATIC7C. 


The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. Thered letters on the schematic 
signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A2, 
and install A2 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


Service 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


Onwmmnan wealesay clark ins 


“a a - AFMlD 
c. Connect signature allalyZer CLUUCA LITIC to Awd P8 


(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


4, Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


A2U52-9 
A2U52-13 
A2U53-3 
A2U53-5 
A2U53-7 
A2U53-9 
A2U53-12 
A2U53-14 
A2U53-16 
A2U53-18 
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DSA SETUP C. 


1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A2, 
and install A2 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


d. Connect signature analyzer stop line to same 
point as start line, step c above. 


e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 
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DSA SETUP D. 


1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A2, 
and install A2 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit Al15. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


4. Reinstall A5 in 1615A mainframe. 
NOTE 


DSA jumper on Ad remains in NM (normal) 
position in this test setup. 


5. Set up signature analyzer as follows: 
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BNE Soha yk encanta wae j 
CLOCK cis tehats ccatenetanuen a caaes a 


Signatures for DSA Setup D (Schematic 7C) 


Service 
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Trigger and Clock, Microprocessor Interface 
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PRINCIPLES OF OPERATION 


Timing Generation. The 20-MHz system clock is applied 
to a divide-by-three network consisting of U14A and 
U14B. This network generates asvmetrical clocks called 
PDCLK and NDCLK (Positive and Negative Display 
Clocks). PDCLK is high for 50 ns and low for 100 ns. 
NDCLK is the inverse of PDCLK. 


U15 is wired as a 6-bit shift register, clocked by PDOCLK. 
U16 ANDs the outputs of the first five states of U15 and 
provides a low to the first stage of the shift register when 
all of the ANDed outputs are high. Therefore only one bit 


in the six-bit register is low at any one time. This 


network divides the clock rate of PDCLK by six. 


U26B and RS latches U17A through U17D provide the 
system timing signals required by the microprocessor 
and the display processor. U13F and U18C provide the 
2-phase nonoverlapping clock for the microprocessor 
($1 and 2). 


Microprocessor. The 8080A Microprocessor U11 is an N- 
channel MOS device with a 16-line address bus and an 
8-line data bus. It monitors all keyboard switches 
available to the operator and configures the 1615A 
circuits according to the selected operating modes and 


measurements. It also conirois all data acquisition and 
data manipulation in the 1615A. In addition, it provides 
diagnostic routines for self-test and it generates error 
and status messages. 


Data Bus. The data bus is the only bidirectional bus in 
the 1615A. During microprocessor read operations, 
DBIN (U11, pin 17) enables the incoming set of buffers 
in U12 and U24. This routes all information on the data 
bus to the microprocessor. During microprocessor write 
operations, DBIN enables the outgoing set of buffers in 
U12 and U24. This transfers the data from the micro- 
processor to the data bus. U25A keeps the buffers in the 
write mode except when the microprocessor orders a 
read. 


Address Bus. Buffers U10 and U23 increase the drive 
capability of the microprocessor. The microprocessor 
address bus selects locations in ROM and RAM, and 
controls most hardware in the instrument. The first 16K 
addresses are used for ROM and RAM. The top 1K 
addresses of this 16K are used for RAM. Addresses 
above 16K are dedicated to I/O to control the operation 
of the 1615A. 


Microprocessor Read/Write Logic. Information from 
ROM is available on the data bus when the first i2K of 
address space is accessed (HAB13 and HABI15 low), 


te . 2 ee 
HUPC = ee fa eee 


NCHCLK SS ee ene: 


Servire 


HREAD is high, and pins 7 and 9 of Ui are high. U2 
enables U25C and HREAD drives U26C low. U9 buffers 
the selected ROM output. LRAMA (Low RAM Address) 
enables reading and writing in RAM. HABi4 and 
HABI5 are used as a linear select to the I/O locations. 
That is HABI14 is ANDed with HREAD, and HAB13 is 
ANDed with HWR. Therefore all 1/O read instructions 
use HR14, and all I/O write instructions use HW15, with 
lower addresses selecting particular locations for each 
read or write. 


CONTROL LINES 


Model 1641RA 


BRE ne ee ee (oP eee ee a ee Tee Ooo D1 henge 
Microprocessor Power-up Circuit. C2, Ri through R23, 


and U26A form the power-up circuit that resets the 
microprocessor to its start-up routine at instrument 
turn-on. The voltage across R3 holds the RESET input of 
the microprocessor high for a time interval determined 
by RC network C2, R1, and R4. The microprocessor pro- 
gram counter is cleared during this time. When C2 
charges sufficiently, U26 sets the microprocessor 
RESET input low. This releases the microprocessor to 
start at location 0 in memory. 
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PROGRAM 
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JLP AND 
DISPLAY 
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SIGNATURE ANALYSIS FOR SCHEMATIC 8A. 


The signatures on this schematic are obtained by using 
DSA Setups A through D. The red letters on the sche- 
matic signify the DSA setup to use when observing the 
signature on the adjacent IC pin. Setups and signatures 
are listed below. For further information, refer to 
TROUBLESHOOTING WITH SIGNATURE ANALY- 


SIS at the beginning of this Section. 


DSA SETUP A. 


1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 


3. Set up signature analyzer as follows: 


RAUL Ava cene te eavyin sy duty wales Mise Steere tanta 5 
DIOR Santee sey eteee tas eisbantnee esau et ay 
CLOCK Giictess nara eeehaesioshy yeas ne 


Signatures for DSA Setup A (Schematic 8A) 


Service 


| Pin | Signature | 


VH A5U1-16 
A5U2-5* 
A5U2-7* 
A5U2-9* 
A5U2-10* 
A5U2-14* 
A5U8-9 
A5U8-10 
A5U8-11 
A5U8-13 


A5U8-14 - 


A5U8-15 
A5U8-16 
A5U8-17 
A5U9-1 
A5U9-2 
A5U9-3 
A5U9-4 
A5U9-5 
A5U9-6 
A5U9-7 
A5U9-8 
A5U9-9 
A5U9-11 
A5U9-12 
A5U9-13 
A5U9-14 
A5U9-15 
A5U9-16 
A5U9-17 
A5U9-18 


| A5U9-19 | C690 (blinking) | 


C690 
C690 (blinking) 
C690 (blinking) 
C690 (blinking) 
0548 

C690 (blinking) 
FHPA 

57CA 

O08F5 

AHA3 

C43H 

C6P3 

FA2P 

427H 

0000 (blinking) 
FHPA 

427H 

57CA 

FA2P 

O8F5 

C6P3 

AHA3 

C43H 

C43H 

AHA3 


*Signatures not for A5 HP Part No. 01615-66505. If 
checking A5 HP Part No. 01615-66505, A5U2 will have 


same signatures as A5U8. 
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1. Remove assembly A5 and the extender board from 
the 1615A mainframe. Install the extender board in the 
connector for A5 and install A5 on the extender board. 
Set up Ad as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall jumper in SA terminals. 


c. Connect signature analyzer clock line to ASTP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


2. Set up signature analyzer as follows: 


STAR ck tot ccs cre ae eee ees th 
STOP tacsiaew- ove 2a sareaou areeusdieued eee ‘sy 
CROCK Sree ts bolts ice han Se ile 


3. Check part number of A5. If A5 is not 01615-66505, 
check signatures on A5U2 before checking signatures 
on any ROM. Proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 


b. Measure signatures on A5U2 according to table 
for DSA Setup A5U2. 
DSA Setup AdU2 (for Ad not HP Part 
No. 01615-66505) 


A5U2-5 7A70 (blinking) 
A5U2-7 7A70 (blinking) 
7A70 (blinking) 


A5U2-9 
A5U2-10 8P54 


A5U2-14 7A70 (blinking) 
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Mardal 1A€15A 

a taal NO ee ae ee ei ate eee oe Ve wean oe Gk. 

4. 10 periorm SIZNature alaiysSis 0 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 


b. Measure signatures of ROM 0 according to the 
table for DSA Setup BO. 


Signatures for DSA Setup BO (Schematic 8A) 


ee 


VH A5U1-16 7A70 
A5U8-9 QUAF 
A5U8-10 UAHO 
A5U8-11 PF1P 
A5U8-13 32F7 
A5UB8-14 HU39 
A5UB8-15 U0A6 
A5UB-16 0AA9 
A5UB8-17 60H2 
| A5U9-1 0000 (blinking) 
| A5U9-2 9UAF 
A5U9-3 60H2 
| A5U9-4 UAHO 
| A5U9-5 OAA9 
A5U9-6 PF1P 
A5U9-7 U0A6 
| A5U9-8 32F7 
A5U9-9 HU39 
A5U9-11 HU39 | 
A5U9-12 32F7 
A5U9-13 U0A6 
| A5U9-14 PF1P 
A5U9-15 0AA9 
A5U9-16 UAHO 
A5U9-17 60H2 
A5U9-18 9UAF 
A5U9-19 7A70 (blinking) 


Model 1615A 


5. To perform signature analysis of ROM 1, proceed 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U7 pin 20 (chip select of ROM 1). 


b. Measure signatures of ROM 1 according to the 
table for DSA Setup B1. 


Signatures for DSA Setup B1 (Schematic 8A) 


ee 


VH A5U1-16 
A5U7-9 
A5U7-10 
A5U7-11 
A5U7-13 
A5U7-14 
A5U7-15 
A5U7-16 
A5U7-17 


Service 


6. To perform signature analysis of ROM 2, proceed 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U6 pin 20 (chip select of ROM 2). 


b. Measure signatures of ROM 2 according to the 
table for DSA Setup B2. 


Signatures for DSA Setup B2 (Schematic 8A) 


VH A5U1-16 7TA70 
A5U6-9 29UF 
A5U6-10 0758 
A5U6-11 F434 
A5U6-13 U59A 
A5U6-14 U55C 
A5U6-15 TTA4F 
A5U6-16 CUC6 
A5U6-17 FFUH 


A5U9-1 
A5U9-2 
A5U9-3 
A5U9-4 


ARTTIO_R 


Lis V 


0000 (blinking) 
U6U4 

F97P 
20CU 


A5U9-1 
A5U9-2 
A5U9-3 
A5U9-4 


AFTTO_F 
LAV VU UrV 


0000 (blinking) 
29UF 

FFUH 

0758 


OTele 
VUNG 


A5U9-6 72U2 
A5U9-7 AFPH 
A5U9-8 2563 
A5U9-9 HF06 
A5U9-11 HF06 
A5U9-12 2563 
A5U9-13 AFPH 
A5U9-14 
A5U9-15 
A5U9-16 
A5U9-17 
A5U9-18 
A5U9-19 


7A70 (blinking) 


A5U9-6 F434 
A5U9-7 T7T4F 
A5U9-8 U59A 
A5U9-9 U55C 
A5U9-11 U55C 
A5U9-12 US59A 
ADdUS-13 TTA 
A5U9-14 F434 
A5U9-15 CUC6 
A5U9-16 0758 
A5U9-17 FFUH 
A5U9-18 29UF 
A5U9-19 7A70 (blinking) 
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7. To perform signature analysis of ROM 3, proceed 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U5 pin 20 (chip select of ROM 83). 


b. Measure signatures of ROM 3 according to the 
table for DSA Setup B3. 


Signatures for DSA Setup B3 (Schematic 8A) 


VH A5U1-16 7A70 
A5U5-9 81CC 
A5U5-10 UH2P 
A5U5-11 CU43 
A5U5-13 59P8 
A5U5-14 9912 
A5U5-15 6U16 
A5U5-16 A732 
A5U5-17 HCP8 
A5U9-1 0000 (blinking) 


A5U9-2 81CC 
A5U9-3 
A5U9-4 


HCP8 
UH2P 
A5U9-5 A732 
A5U9-6 CU43 
A5U9-7 6U16 
A5U9-8 59P8 
A5U9-9 9912 
A5U9-11 9912 
A5U9-12 59P8 
A5U9-13 6U16 
A5U9-14 CU43 
A5U9-15 A732 
A5U9-16 UH2P 
A5U9-17 HCP8 
A5U9-18 81CC 
A5U9-19 7A70 (blinking) 
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8. To perform signature analysis of ROM 4, proceed 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U4 pin 20 (chip select of ROM 4). 


b. Measure signatures of ROM 4 according to the 
table for DSA Setup B4. 


Signatures for DSA Setup B4 (Schematic 8A) 


VH A5U1-16 7A70 
A5U4-9 2135 
A5U4-10 0572 
A5U4-11 8FPP 
A5U4-13 7HUO 
A5U4-14 OHF4 
A5U4-15 8957 
A5U4-16 A8F5 
A5U4-17 4P43 
A5U9-1 0000 (blinking) 
A5U9-2 
A5U9-3 
A5U9-4 
A5U9-5 
A5U9-6 
A5U9-7 
A5U9-8 
A5U9-9 
A5U9-11 
A5U9-12 
A5U9-13 
A5U9-14 
A5U9-15 
A5U9-16 
A5U9-17 
A5U9-18 
A5U9-19 


7A70 (blinking) 


Model 1615A 


9. To perform signature analysis of ROM 5, proceed 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U3 pin 20 (chip select of ROM 5). 


b. Measure signatures of ROM 5 according to the 
table for DSA Setup Bd. 


Signatures for DSA Setup Bd (Schematic 8A) 


ee ee 


VH A5U1-16 7A70 
A5U3-9 UPUH 
A5U3-10 C92C 
A5U3-11 5087 
A5U3-13 PC9P 
A5U3-14 TPH2 
A5U3-15 610A 
A5U3-16 A740 
A5U3-17 F4FH 
A5U9-1 0000 (blinking) 
A5U9-2 UPUH 
A5U9-3 F4FH 
A5U9-4 C92C 
A5U9-5 A740 
A5U9-6 5087 
A5U9-7 610A 
A5U9-8 PC9P 
A5U9-9 7PH2 
A5U9-11 7TPH2 
AdU9-12 PC9P 
A5U9-13 610A 
A5U9-14 5087 
A5U9-15 A740 
A5U9-16 C92C 
A5U9-17 F4FH 
Ad5U9-18 UPUH 


A5U9-19 7A70 (blinking) 


Service 


10. To perform signature analysis of ROM 6, proceed 
as follows: 


a. Connect signature analyzer start and stop lines 
to A5U2 pin 20 (chip select of ROM 6). 


b. Measure signatures of ROM 6 according to the 
table for DSA Setup B6. 


Signatures for DSA Setup B6 
(AS Part No. 01615-66505 only) 


[440 2 Wie atu 


oe 


VH A5U1-16 7A70 
A5U2-9 0486 
A5U2-10 4525 
A5U2-11 F125 
A5U2-13 6431 
A5U2-14 1250 
A5U2-15 040F 
A5U2-16 FA71 
A5U2-17 FP53 
A5U9-1 0000 (blinking) 
A5U9-2 0486 
A5U9-3 FP53 
A5U9-4 4525 
A5U9-5 FA71 
A5U9-6 F125 
A5U9-7 040F 
A5U9-8 6431 
A5U9-9 1250 
A5U9-11 1250 
A5U9-12 6431 
A5U9-13 040F 
A5U9-14 F125 
A5U9-15 FA71 
A5U9-16 4525 
A5U9-17 FP53 
A5U9-18 0486 
A5U9-19 7A70 (blinking) 
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Service 


DSA SETUP C. 


1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall jumper in the SA terminals. 


e. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 is part number 01615-66505). 
This is the address bit A15. 


d. Connect signature analyzer stop line to same 
point as start line, step c above. 


e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


2. Set up signature analyzer as follows: 


STAND sects eernedvsdesasa peta eran see sf 
STOP a bicuse tt vticeucaret a aeeteeasneyeeess a 
CROCK sicitintcatincne camer esanetosau ts ae 


VH A5U1-16 


i 
A5UL-1 | 1293 1293 
A5U1-2. | HAP7 HAP7 | 
A5U1-3 | 3C96 3C96 
A5U1-4 | 755P 755P 
A5U1-5 | 3827 3827 
A5U16 | 0001 0001 
A5U1-7 | 1920 1920 | 
A5U1-9 | C34C C34C 
A5U1-10 | 597C 597C 
A5U1-11 | UA87 UA87 
A5U1-12 | 4154 4154 
A5U1-13 | 960F 960F 
A5U1-14 | 84AF 84AF 
A5U1-15 | 3PCF 3PCF 
A5U25 | C34C = 
A5U2-7 | AAGA = 
A5U2-9 | 2AU9 es 
A5U2-10 | HPPO ore 
A5U2-14 | 1920 _— 
A5UB-1 | 52F8 | 52F8 | 
A5U8-2 | UPFH UPFH ! 
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Signature if 
not 01615-66505 


A5U8-7 | 5555 
A5U8-8 | UUUU 
A5U8-9 | FA44 
A5U8-10 | 1825 
A5U8-11 | 31A0 
A5U8-13 | 0209 
A5U8-14 | 8200 
A5U8-15 | H1A1 
A5U8-16 | 0U96 
A5U8-17 | P16U 
A5U8-19 | HPPO 
A5U8-20 | 3PCF 
A5U8-22 | 2H70 
A5U8-23 | HC89 
A5U2-20 — 
A5U3-20 | 597C 
A5U4-20 | UA87 
A5U5-20 | 4154 
A5U6-20 | 960F 
A5U7-20 | 84AF 
A5U9-1. | FPCS5 
A5U9-2 | FA44 
A5U9-4 | 1825 
A5U96 | 31A0 
A5U9-8 | 0209 
A5U9-11 | 8200 
A5U9-13 | H1A1 
A5U9-15 | 0U96 
A5U9-17 | P16U 
A5U9-19 | FPC4 
A5U10-2 | HPPO 
A5U10-3 | 3827 
A5U10-4 | 1293 
A5U10-5 | HAP7 
A5U10-6 | 3C96 
A5U10-7 | 755P 
A5U10-8 | 2H70 
A5U10-9 | HC89 
A5U10-11| HC89 
A5U10-12| 2H70 
A5U10-13 | 755P 
A5U10-14| 3C96 
A5U10-15| HAP7 
A5U10-16| 1293 
A5U10-17| 3827 
A5U10-18} HPPO 
A5U10-19} 0001 
A5U11-1 | HPPO 
A5U11-12| 0000 
A5U11-17}| 0001 (blinking) 
A5U11-20| 0001 
A5U11-23] 0001 


A5U11-25| UUUU 
A5U11-26} 5555 
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AS is Part No.: 


| 01615-66505 | 


0001 (blinking) 
0001 

0001 

UUUU 

5555 


Pin 


A5U11-27 
A5U11-29 
| A5d5U 11-30 
A5U11-31 
A5U11-32 
A5U11-33 
A5U11-34 
A5U 11-35 
A5U11-36 
| A5U 11-87 
A5U11-38 
A5U11-39 
A5U11-40 
A5U12-1 
A5U12-13 
AdU13-1 
A5U13-2 
A5U13-3 
A5U13-4 
A5U 13-10 
A5U 13-11 
A5U23-2 
A5U23-3 
A5U23-4 
AdUZ3-5 
A5U23-6 
A5U23-7 
A5U23-8 
A5U23-9 


nowy 


Signatures for DSA Setup C (Schematic 8A) ( Cont'd) 


—2 


CCCC 

7F7F 

5H21 

OAFA 

UPFH 

52F8 

HC89 

2H70 

755P 

HAP7 

3C96 

3827 

1293 

0001 (blinking) 
0001 (blinking) 
755P 

64HU 

FPC5 

FPC4 


TYTN 


Signature if A5 is Part No.: 


1615-66505 


CCCC 
7F7F 
5H21 | 
OAFA 

UPFH 

52F8 

HC89 

2H70 

755P 

HAP7 | 
3C96 

3827 

1293 

0001 (blinking) 
0001 (blinking) 
755P 


TY hTIttT 


A5U26-1 
A5U26-Z 
A5U26-3 
A5U26-8 
A5U26-9 
A5U26-10 


0001 
0001 (blinking) 
0001 (blinking) 
0001 
0001 (blinking) 
0001 (blinking) 
0000 


755P 

0000 

FPC4 

64HU 

AA6A 

3827 

3827 

0001 (blinking) 
0001 

0001 

0000 

FPC5 

FPC4 

0001 (blinking) 


Signature if A5 is Part No.: 


@evznass@ 22222 


5H21 
7F7F 

OAFA 

CCCC 

UPFH 

5555 

52F8 

UUUU 

0001 

0001 (blinking) 
0001 (blinking) 
0001 

0001 (blinking) 
0001 (blinking) 
0000 

755P 

0000 

7HUP 

64HU 

1920 

3827 

3827 

0001 (blinking) 
0001 

0001 

0000 

7HUU 

7HUP 

0001 (blinking) 


Model 1615A 


DSA SETUP D. 


1. Remove assembly Ad and the extender board from 


2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit Al5. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


NOTE 
DSA jumper on A5 remains in NM (normal) 


position in this DSA setup. 


3. Set up signature analyzer as follows: 


VH A5U1-16 0001 
A5U1-1 1292 
A5U1-2 HAP6 
A5U1-3 3C97 
A5U1-4 755P 
A5UL-5 3826 
A5U16 0001 
A5U1-7 71H4 
A5U1-9 H6F4 
A5U1-10 7807 
A5U1-11 OF F3 
A5U1-12 PF2P 
A5U1-13 8F14 
A5U1-14 U81U 
A5U1-15 TAT71 
A5U2-5* H6F4 
A5U2-7* A711 
A5U2-9* U121 
A5U2-10* HPPi 
| A5U2-14* | 71H4 
| A5U10-2 | HPPi | 
| A5U10-3 | 3826 | 
A5U10-4 | 1292 
A5U10-5 


A5U10-6 
A5U10-7 


*Do not measure on A5 Part No. 01615-66505. 


Signatures for DSA Setup D (Schematic 8A) (Cont’d) 


Service 


A5U10-8 
A5U10-9 
A5U10-11 
A5U10-12 
A5U10-13 
A5U10-14 


A5U10-15 
A5110-16 


4ayrwiv iv 


A5U10-17 
A5U10-18 
A5U10-19 
A5U11-1 
A5U11-12 
A5U11-18 
A5U11-20 
A5U11-23 
A5U11-25 
A5U11-26 
A5U11-27 
A5U11-29 
A5U11-30 
A5U11-31 
A5U11-32 
A5U11-33 
A5U11-34 
A5U11-35 
A5U11-36 
A5U11-37 
A5U11-38 
A5U11-39 
A5U11-40 
A5U13-8 
A5U13-9 
A5U23-2 
A5U23-3 
A5U23-4 
A5U23-5 
A5U23-6 
A5U23-7 
A5U23-8 
A5U23-9 


A5U23-11 


A5U23-12 
A5U23-13 
A5U23-14 
A5U23-15 
A5U23-16 
A5U23-17 
A5U23-18 
A5U23-19 
A5U25-4 

A5U25-5 

A5U25-6 


A5U26-1 
A5U26-2 
A5U26-3 


2H71 
HC88 
HC88 
2H71 
755P 
3C97 
HAP6 


19Q9 


have 


3826 

HPP1 

0001 

HPP1 

0000 

0000 (blinking) 
0001 

0001 

UUUP 

5554 


0001 (blinking) 
0000 (blinking) 
UUUP 

52F9 

5554 

UPFF 

CCCA 

OAFC 

7F7H 

5H20 

5H20 

7F7H 


OAFC 
COCA 


www 


UPFF 
5554 
52F9 
UUUP 


reveren! 


VvVuUL 


0001 (blinking) 
755P 
755P 
0001 
0001 
0000 
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Figure 8-49. 
Microprocessor and ROM (P/O Ad) Schematic 
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SERVICE SHEET 8B 
PRINCIPLES OF OPERATION 


Keyboard Pulse and Control. In the quiescent state, Q1 
and Q2 are cut off. U35A is low. U22 is nonconducting. 
To read the keyboard, the microprocessor forces pin 6 of 
U35B low. This activates Q1 and Q2 to generate a 90- 
milliampere pulse on the collector of Q2 which is applied 
to the keyboard. R17 and C8 control the turn-on of Q2. 
The low from U35B also activates U22 to place the four 
lines of data from the keyboard on the data bus. 


The keys on the keyboard are divided into a matrix of ten 
columns of switches with four switches in each column. 
HABO through HAB3S are BCD coded to select one of the 
ten columns on the keyboard. The 90-milliampere pulse 
is connected through the four switches in the selected 
column. Each of the four switches drives a separate out- 
put line (HROW0 through HROW3). With no key down, 
little coupling occurs between the pulse and the output 
lines. If a key is down, the associated output line 
(HROWO through HROWS) receives the current pulse. 
The microprocessor reads the output lines through U22. 
The exact key down is detected by decoding HABO 
through HAB3 and HROWO through HROW3. 


When the microprocessor reads a key down, it sets 
HKYD (High Key Down) high through U40A, U41B, 
and RS latch U3dC and U35D. This changes the thresh- 
old, increasing the readability of the down key. HKYDis 
held high until the microprocessor reads all keys up. 
They it resets HKYD low again and searches for a new 
kev down. 


Trigger Line. U33 and U34 are used during timing dia- 
gram presentation. They made up the counter that gen- 
erates the tic marks showing the location of the trigger 
word. U21 receives a count signifying the location of 
TC-COUNT, the trigger word in memory. This count is 
parallel loaded into U33 and U34 while the 1615A is 
presenting the channel number. The counter begins its 
count when display of the timing waveform starts. 
When the location of the trigger word is reached (termi- 
nal count), U34 generates HTLIN (a 150-ns pulse) which 
paints the trigger tic mark. 


Expand Indicator. ‘The expand indicator intensifies a 24- 
dot segment of a timing diagram during unexpanded 
displays. The 24-dot segment is the area that will be dis- 
played on screen during expanded (X10) displays. U20 is 
loaded with a binary count signifying the location of the 
first dot in the expanded segment. The count in U20 is 
parallel loaded into U31 and U32 when the 1615A dis- 
plavs the channel number in a timing diagram. 


U28 and U27 are normally in the terminal count state. 
Their high output is inverted through U18C to producea 
low HEXPI (High Expand Indicator). 


When the 1615A begins displaying the timing wave- 
form, U31 and U32 count the display locations. When 
U32 reaches terminal count, U28 and 127 are parallel 
loaded to terminal count minus 24. They count 24 clocks 
and return to terminal count. During this 24-clock 
period, HEXPI is high, brightening the 24-dot segment 
on screen. 


Memory Dump and Control. Gate U39 supplies clocks to 
the 8-bit memory when the 1615A is displaying a timing 
diagram. The top AND gatein U39 is only active during 
retrace in magnified displays. During X10 retrace, 
PDCLK clocks U39 while LMACLD (Low Memory 
Address Counter Load) parallel loads the address of the 
starting point of display. After retrace, HHB2 switches 
low, disabling the gate. 


The next AND gate in U39 receives LSTD (Low Start 
Display) from the microprocessor. LSTD is low only 
when presenting a timing diagram. At all other times, 
LSTD is high, preventing clock generation. 


The third AND portion of U39 generates clocks to read 
the data in memory during X1 display magnification. 


The fourth AND portion of U39 generates memory-read 


clocks in X10 display. One of its inputs is decade counter 
U38 which permits only one out of every ten PDCLK 
clocks to reach the 8-bit memory address counters. This 
provides the divide-by-ten function for magnification. 


U40B operates only during X10 display magnification. 
It generates LGLS (Low Glitch Set) one time for every 
ten PDCLK clocks. LGLS enables glitch display. U40B 
prevents displaying the same glitch more than one time 
on an expanded timing diagram. 


Display Control. U36 interfaces several channels from 
the microprocessor that are used in establishing the dis- 
play mode. U41A, along with U37C and U37D supply 
LMACLD (Low Memory Address Counter Load). It 
parallel loads the 8-bit memory address counter with the 
location of the first data bit to be displayed when show- 
ing a timing diagram. LMACLD is generated in timing 
diagram modes at the beginning of each raster line 
when I615A presents a channel number. HSTI) and 
LLHB3 are used to disable LMACLD during a memory 
write or after horizontal retrace blanking. 
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Figure 8-50. Block Diagram, Display Section for Schematic 8B 
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Figure 8-51. Block Diagram, Control Section for Schematic 8B 
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The signatures on this schematic are obtained by using 
DSA Setups A through D. The red letters on the sche- 


DSA SETUP A. 


1. Remove assembly Ad and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5STP8 


(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


3. Set up signature analyzer as follows: 


START cariat cower c enon vanes Mueresdescsss ‘L 
DOP 6 ote tag akties sl leer awed hone uA 
CHOC Ks cya ptdos oi es aw sees y eek aoehe es ie 


Signatures for DSA Setup A (Schematic 8B) 


VH A5U1-16 C690 A5U21-18 } FHPA 
A5U20-3 427H A5U22-3 FHPA 
A5U20-4 FA2P A5U22-5 57CA 
A5U20-7 C6P3 A5U22-7 O8F5 
A5U20-8 C6P3 A5U22-9 AHA3 
A5U20-13 | AHA3 A5U36-3 FHPA 
A5U20-14 | O8F5 A5U36-4 57CA 
A5U20-17 | 57CA A5U36-7 O8F5 
A5U20-18 | FHPA A5U36-8 AHA3 
A5U21-3 427H A5U36-13 | C43H 
A5U21-4 FA2P A5U36-14 | Cé6P3 
A5U21-7 C693 A5U36-17 | FA2P 
A5U21-8 C43H A5U36-18 | 427H 
A5U21-13 | AHA3 A5U40-2 C6P3 
A5U21-14| O08F5 A5U41-13 | C43H 
A5U21-17| 57CA 
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Model! 1815A 


matic signify the DSA setup to use when observing the 
signature on the adjacent IC pin. Setups and signatures 
are listed below. For further information, refer to TROU- 
BLESHOOTING WITH SIGNATURE ANALYSIS at 
the beginning of this Section. 


DSA SETUP B (BO THROUGH B6). 


1. Remove assembly A5 and the extender board from 
the 1615A mainframe. Install the extender board in the 
connector for A5 and install A5 on the extender board. 
Set up Ad as follows: 


a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall jumper in SA terminals. 

c. Connect signature analyzer clock line to ASTP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 


This is the DBIN line from the microprocessor. 


2. Set up signature analyzer as follows: 


START is outlets L 
BOP stay wavered va been ate! Gace Gana ey 
CLOCKieiauioes Sots daar nase aieab sand ne 


3. To perform signature analysis of ROM 0 effects on 
components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 


b. Measure signatures of ROM 0 according to the 
table for DSA Setup BO. 


Signatures for DSA Setup BO (Schematic 8B) 


—a oa 


VH A5U1-16 7A70 A5U21-18 |} SUAF 
A5U20-3 60H2 A5U22-3 9UAF 
A5U20-4 OAA9 A5U22-5 UAHO 
A5U20-7 U0A6 A5U22-7 PF1P 
A5U20-8 HU39 A5U22-9 32F7 
A5U20-13 | 32F7 A5U36-3 S9UAF 
A5U20-14 | PF1P A5U36-4 UAHO 
A5U20-17 | UAHO A5U36-7 PF1P 
A5U20-18 | QUAF A5U36-8 32F7 
A5U21-3 60H2 A5U36-13 | HU39 
A5U21-4 OAA9 A5U36-14 | U0A6 
A5U21-7 U0A6 | A5U36-17 | OAAY 
A5U21-8 HU39 A5U36-18 | 60H2 
A5U21-13 | 32F7 A5U40-2 U0A6 
A5U21-14| PFI1P A5U41-13 | HU39 
A5U21-17| UAHO 


Model 1615A 


4. To perform signature analysis of ROM 1 effects on 


components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U7 pin 20 (chip select of ROM 1). 


b. Measure signatures of ROM 1 according to the 
table for DSA Setup B1. 


Signatures for DSA Setup B1 (Schematic 8B) 


Tre [amin] on [art 


A5U21-18 


VH A5U1-16 
A5U20-3 
A5U20-4 
A5U20-7 
A5U20-8 
A5U20-13 
A5U20-14 
A5U20-17 
A5U20-18 
A5U21-3 
A5U21-4 
A5U21-7 
A5U21-8 


A5U21-17 


A5U21-13 
A5U21-14 


A5U22-3 
A5U22-5 
A5U22-7 
A5U22-9 
A5U36-3 
A5U36-4 
A5U36-7 
A5U36-8 


A5U36-13 
A5U36-14 
A5U36-17 
A5U36-18 


A5U40-2 


A5U41-13 


5. To perform signature analysis of ROM 2 effects on 
components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U6 pin 20 (chip select of ROM 2). 


b. Measure signatures of ROM 2 according to the 
table for DSA Setup B2. | 


Signatures for DSA Setup B2 (Schematic 8B) 


VH A5U1-16 
A5U20-3 
A5U20-4 
A5U20-7 
A5U20-8 

A5U20-13 
A5U20-14 
A5U20-17 
| A5U20-18 


A5U21-3 
A5U21-4 
A5U21-7 
A5U21-8 
A5U21-13 
A5U21-14 
A5U21-17 


U59A 
F434 
0758 
29UF 
FFUH 
CUC6 
774F 


A5U21-18 
A5U22-3 
A5U22-5 
A5U22-7 
A5U22-9 
A5U36-3 
A5U36-4 
A5U36-7 
A5U36-8 
A5U36-13 
A5U36-14 
A5U36-17 
A5U36-18 
A5U40-2 
A5U41-13 


29UF 
0758 


F434 
U59A 
U55C 
TTAF 
CUC6 


Service 


To perform signature analysis of ROM 3 effects on 


components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U5 pin 20 (chip select of ROM 3). 


b. Measure signatures of ROM 3 according to the 
table for DSA Setup B3. 


Signatures for DSA Setup B3 (Schematic 8B) 


7A70 
A5U20-3 
A5U20-4 
A5U20-7 
A5U20-8 
A5U20-13 
A5U20-14 
A5U20-17 
A5U20-18 
A5U21-3 
A5U21-4 
A5U21-7 
A5U21-8 
A5U21-13 
A5U21-14 
A5U21-17 


A5U21-18 
A5U22-3 
A5U22-5 
A5U22-7 
A5U22-9 
A5U36-3 
A5U36-4 
A5U36-7 
A5U36-8 
A5U36-13 
A5U36-14 
A5U36-17 
A5U36-18 
A5U40-2 
A5U41-13 


VH A5U1-16 


8iCC 


7. To perform signature analysis of ROM 4 effects on 
components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U4 pin 20 (chip select of ROM 4). 


b. Measure signatures of ROM 4 according to the 
table for DSA Setup B4. 


Signatures for DSA Setup B4 (Schematic 8B) 


A5U20-3 
A5U20-4 
A5U20-7 


A5U20-8 

A5U20-13 | 7HUO 
A5U20-14] 8FPP 
A5U20-17 | 0572 
A5U20-18 | 2135 | 
A5U21-3 | 4P43 
A5U21-4 | A5F5 
A5U21-7 | 8957 
A5U21-8 


A5U21-13 
A5U21-14 
A5U21-17 


A5U21-18 
A5U22-3 
A5U22-5 
A5U22-7 
A5U22-9 
A5U36-3 
A5U36-4 
A5U36-7 
A5U36-8 
A5U36-13 
A5U36-14 
A5U36-17 
A5U36-18 
A5U40-2 
A5U41-13 


re [aerator] er [ere 


VH A5U1-16 


2135 
0572 
8FPP 
7HUO 
OHF4 
8957 
85F5 
4P43 


8-95 


Service 


8. To perform signature analysis of ROM 5 effects on 
components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 5). 


b. Measure signatures of ROM 5 according to the 
table for DSA Setup B65. 


Signatures for DSA Setup Bd (Schematic 8B) 


omen] om [eee 


VH A5U1-16 A5U21-18 
A5U20-3 A5U22-3 
A5U20-4 A5U22-5 
A5U20-7 A5U22-7 
A5U20-8 A5U22-9 
A5U20-13 A5U36-3 
A5U20-14 A5U36-4 
A5U20-17 A5U36-7 
A5U20-18 A5U36-8 


Model 1615A 


9. Toperform signature analysis of ROM 6 effects on 
components shown on schematic 8B, proceed as follows: 


a. Connect signature analyzer start and stop lines 
to A5U2 pin 20 (chip select of ROM 6). 


b. Measure signatures of ROM 6 according to the 
table for DSA Setup BS6. 


Signatures for DSA Setup B6 (Schematic 8B) 


rn [arene | pm [ete 


A5U21-3 
A5U21-4 
A5U21-7 
A5U21-8 
A5U21-13 
A5U21-14 


A5U36-13 
A5U36-14 
A5U36-17 
A5U36-18 
A5U40-2 

A5U41-13 


VH A5U1-16 A5U21-18 
A5U20-3 A5U22-3 
A5U20-4 A5U22-5 
A5U20-7 A5U22-7 
A5U20-8 A5U22-9 
A5U20-13 A5U36-3 
A5U20-14 A5U36-4 
A5U20-17 A5U36-7 
A5U20-18 A5U36-8 
A5U21-3 A5U36-13 
A5U21-4 A5U36-14 
A5U21-7 A5U36-17 
A5U21-8 A5U36-18 
A5U21-13 A5U40-2 
A5U21-14 A5U41-13 


A5U21-17 


8-96 


A5U21-17 


Model 1615A 


DSA SETUP C. 


1. Remove assembly Ad and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 


a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5STP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is the address bit A15. 


d. Connect signature analyzer stop line to same 
point as start line, step c above. 


e. Connect signature analyzer clock line to A5STP8 


(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 


3. Set up signature analyzer as follows: 


SPAR Ga Ne per a ee re rene eel Jr 
STOP ote iui esa ba eae sae ewat maccedene dif 
CTiOC Keds corer cee tate edie le ok alld 


Signatures for DSA Setup C (Schematic 8B) 


mm [sme] rm [Sate 


VH A5U1-16 


A5U35-4 
A5U35-5 
A5U35-6 


A5U35-1 
A5U35-2 
A5U35-3 


Service 


DSA SETUP D. 


. Remove assembly Ad and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A5 
and install A5 on the extender beard. Proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 


AMG Sites 2a Lti ATE 
iLnis 1S aagaress DIt Alo. 


c. Connect signature analyzer stop line to same | 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


NOTE 


DSA jumper on Ad remains in NM (normal) 
position in this DSA setup. 


3. Set up signature analyzer as follows: 


START ti ke aaa he eee bntaws J 
TP a 2h yal Aline tha hae hah avers al i 
CTOCK sok ncn lassient heme nae dre teen alr 


Signatures for DSA Setup D (Schematic 8B) 


esate] —_ [oat 


VH AS5UI6-1 0601 A5U37-1 755P 
A5U18-1 A5U87-2 2H71 
A5U18-2 A5U37-3 0U55 
A5U18-3 A5U37-4 755P 
A5U18-4 A5U37-5 HAP6 
A5U18-5 A5U3746 0421 
A5U18-6 A5U40-1 755P 
A5U20-11 A5U40-4 UUUP 
A5U21-11 A5U41-1 UUUP 


A5U36-11 A5U41-12| 755P 


8-97/(8-98 blank) 
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Figure 8-52. 
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Keyboard Pulse and Display Information Generators (PO Ad); Schematic 


SERVICE SHEET 9 


PRINCIPLES OF OPERATION 


Key Switches. The key switches are wired in a matrix of 
ten columns by four rows. Each switch has two 1-turn 
coils wrapped around a core. When a key is relaxed (not 
pressed), a magnet within the switch is positioned so 
that its field saturates the core. The saturated core per- 
mits very little coupling between coils. When the key is 
pressed, the magnet is moved out of the core, allowing 
the core and windings to act as a transformer. 


Key Sensing. A 4-bit byte from the microprocessor 
(HABO through HAB3) is decoded by BCD-to-decimal 
decoder Ul. This grounds one column of switches, 
allowing the other nine columns to float. HKBR is a 90- 
milliampere pulse from the keyboard control on assem- 
bly A5. It is applied to the switch column that is 
grounded through U1. Then the 4-bit byte is incre- 
mented and U1 grounds the next column in sequence. 


POWER 
ON 
RESET 


8080 UP 


CONTROL LINES 


y is down in 

oupled from the primary to the secondary windings in 
the key switch. This activates the associated output 
integrator (U3B through U3E), causing it to produce a 


negative-going output pulse. 


the column grounded by U1, flux is 


A low output from any integrator sets the associated RS 
latch high. When the microprocessor detects a high 
from any latch (key down), it determines the key posi- 
tion by decoding the row indicated and the internal 
column count (4-bit byte). LKR (Low Key Reset) is a 
clock that continuously resets the RS latches. 


When the microprocessor detects a key down, it sets 
HKYD (High Key Down) high. This offsets the bias 
point of integrators U3B through U3E. The result of the 
bias shift is a translation downward of the quiescent 
output level of U3B through U3E. Now less total flux is 
required to maintain the negative-going integrator out- 
put pulse. The additional hysterisis introduced by 
HKYD prevents multiple readings of key switch entries. 
When all keys are read in the up position for one scan, 
HKYD is returned low. 
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Figure 8-54. Keyboard Assembly A10, Parts Identification 
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Figure 8-55. 


Keyboard Al0 Schematic 
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SERVICE SHEET 10A 
PRINCIPLES OF OPERATION 


Dot and Retrace Counters. The 8-bit dot counters (U9 and 
U23) generate all of the horizontal dot locations across 
the face of the CRT (dot 0 on the left and dot 255 on the 
right). At the end of a line (dot 255), the terminal count 
from U23 increments the line counter (U37 and U51) and 
parallel enables the retrace counter (U11 and U10). 


The retrace counter leaves its normal terminal-count 
state, assumes count 1100 0000, and starts counting 
PDCLK (Positive D Clock) clocks. This is the CRT 
retrace period. During the retrace period, the dot counter 
is disabled by a low from the retrace counter, and paral- 
lel loaded to 0000 0000. At the end of the retrace period, 
the retrace counter latches at terminal count, the dot 
counter begins counting out the next line, and the cycle 
repeats. 


Vertical Presentation Control. The vertical area of the 
screen is divided into 255 horizontal raster lines. The 
line counter (U37 and U51), in conjunction with the ver- 
tical format ROM’s (U50, U36, and U22), format the 
entire display. The 8-bit output from the line counters is 
decoded for each horizontal raster line in the vertical for- 
mat ROMs. Each line must be treated as a special case: 
some lines are used for blanking, some for alpha- 
numerics, some for either alphanumerics or timing dia- 
grams, etc. The ROM stores the format for each line and 
configures this information into twelve lines of binary 
data for the raster line being presented. 


Alphanumeric Displays. In alphanumeric presentations, 
each character is six dots wide by nine raster lines high. 
The sixth dot and the last two raster lines in each char- 
acter are blanked to provide spacing between characters 
and lines. 


The CRT face is divided into 800 character spaces, 40 
character spaces along each line by 20 character lines. 
The first line at the top of the CRT contains characters 0 
through 39, the next line contains characters 40 through 
79, etc. 


The character counters consist of U4 through U6. These 
count the 800 alphanumeric character spaces on the 
CRT face. During each horizontal sweep, they count up 
40 characters. During eight out of every nine retrace 
periods, they count back down 40 characters. During 
every ninth retrace period, the count-down input is dis- 
abled so that the following character count will begin on 
the next line of 40 character spaces. 


The character counters generate a 10-bit byte that 
addresses the display RAM. The same line of memory is 
addressed for each of the nine raster sweeps. Then the 
next line of memory is addressed for nine sweeps, ete. 


The vertical format ROMs select which raster line ofthe 


sweeps. 


NAND gate U25B supplies the count-up clock to the 
character counters. When LHB1 and LHB2 (Low Honi- 
zontal Blanking 1 and 2) are high, U25B connects 
NCHCLK (Negative-edge Character Clock) to the count- 
up inputs. During retrace, gates U12A and U12Bsupply 
the clocks for the count-down inputs. 


Three binary outputs from the retrace counters are 
supplied to U12A. They are decoded to obtain exactly 39 
clocks from U12A during retrace. These 39 clocks, plus 
the terminal count pulse from the dot counters, are sup- 
plied through U12B to drive the count-down input of the 
character counters. These 40 pulses return the character 
counters to the beginning of the line. 


A high from VF2 (pin 10 of U50) is clocked through 
U38A to enable U12B during raster lines one through 
eight of each character. On the ninth raster line of each 
character, VF2 switches low and prevents transfer of 
the down-count clocks from U12A through U12B. 


Alphanumeric Display/Timing Diagram Selector. The 
alphanumeric/time switch consists of U39C, U52A, and 
U46A. These switch logic levels which enable the alpha- 
numeric circuitry and the timing diagram circuitry. The 
alphanumeric circuitry generates the heading, channel 
numbers, and data lists. The timing diagram circuitry 
generates the traces used during timing diagram presen- 
tations. 


The HALPH, LALPH, and LALPH2, (High and Low 
Alphanumeric) signals will always be true, except in the 
CRT spaces where timing diagrams are permitted. In 
these spaces, VFO (pin 12 of U50) is high. When timing 
diagrams have been selected, HTIME (High Timing 
Diagram) is high. When both of these signals are high, 
U89C provides a low state to the D input of U52A. This 
low switches the outputs of U52A and U46A to enable 
the timing diagram circuitry and disable the alpha- 
numeric circuitry. When alphanumeric presentations 
are selected, HTIME is low. When in areas of the CRT 
display reserved for alphanumeric presentations (such 
as the heading), VFO is low. Either low will force the 
alphanumeric/time switch to enable the alphanumeric 
circuitry and disable the timing-diagram circuitry. 


Horizontal Blanking. The horizontal blanking logic con- 
sists of U24 and U25. At the beginning of a trace, the ter- 
minal count of the retrace counters is high, and LHB1, 
LHB2, and LHB3 (Low Horizontal Blanking 1, 2, and 3) 
are all high. These three blanking signals are combined 
on U24 to generate a signal called HHB (High Horizon- 
tal Blanking) which is low. Any one of the LHBI, 2, or 3 
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occurs after dot 240. This point is detected by U24A 
which sets LHB1 low. At count 255, the dot counters 
parallel enable the retrace counters and the terminal 
count of U10 is low, generating LHB2. LHB2 remains 
low for the horizontal retrace period. LHB2 maintains 
the HHB high to continue blanking, stops HHSY (High 
Horizontal Sync), and disables U25B to prevent 
NCHCLK (Negative Character Clock) from clocking the 
count-up input of the character counters. 


or ar 
aii, bws 


One PCLKE6 clock later, LHB3 goes low. This sets the 
alphanumeric/time switch to alphanumeric and contin- 
ues the blanking of HHB from U24B. 


When the retrace counters reach terminal count, even 
though the dot counters are no longer parallel enabled, 
they can not function due to LHB3 which remains low 
until the next PCLK6 clock is received from the micro- 
processor. This additional clock period after retrace per- 
mits all functions to be synchronized with the 
microprocessor clock. When PCLK6 arrives, LHB3 goes 


Model IRIKA 


meses LILTID erence teeee a al a Pe eee Re) rene 
low, HHB goes low, and the dot counters begin a 


Horizontal Sync/Power Supply Sync. U25C, along with 
U39B and U39D, generate HHSY (High Horizontal 
Sync) which is used on assembly A13 to control the 
horizontal deflection circuit, and as a 20-kHz sync sig- 
nal in the power supply. 


Graticule Generator. The graticule generator consists of 
U52B and U53. It is a divide-by-20 counter that operates 
only during timing diagram generation. During alpha- 
numeric presentations, U52Bis cleared by alow LALPH 
which prevents operation. The graticule generator 
HGRAT (High Graticule) pulse occurs once every 20 dots 
during a timing diagram. U58B divides the NDCLK by 2 
and decade counter U53 makes ten counts to terminal 
count. At the beginning of each line, U53 is parallel 
enabled and loaded with a binary 9. On the first clock 
after enable (High or LALPH), it generates the first 
HGRAT pulse. Then it generates a new HGRAT pulse 
every 20 clocks thereafter. 
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LHB1 - blanks after dot 240 to eliminate alphanumerics. 


LHB2 - blanks during horizontal retrace. Stops HHSY. 
Prevents count-up in character counters. 


a a a 


LHBS - sets alphanumeric/ time switch to aipnanumeric, 
and extends blanking period. 


HHB - Composite of LHB1, LHB2, and LHB3. 


HHSY - switches every half-sweep-cycle to control hori- 
zontal deflection in A13. 


HHB2 - activates a gate on the microprocessor board 
that is used only during retrace in X10 magnification 
modes. 
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Figure 8-58. 
Video Timing Logic (P/O A6) Schematic 
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SERVICE SHEET 10B 
PRINCIPLES OF OPERATION. 


Data Selectors and RAM. Data selectors U1d through 
U17 connect ten lines of address from either the micro- 
processor or character counters to the RAM (U28 
through U31 and U42 through U45). When HUPC (High 
Microprocessor Control) is high, the microprocessor 
addresses the RAM; when low, the character counters 
address the RAM. 


Alphanumeric Latch. Alphanumeric latch U26 receives 
the RAM outputs. The first six bits are the ASCII code 
for the alphanumeric character to be presented. The last 
two bits control the display format, selecting normal 
video, inverse video, and blinking video. 


Character ROM/Shift Register. The ASCII character 
code in U26 is supplied to U1. Vertical format bits VF9 
through VF11 are decoded to select the particular raster 
line (0 through 6) of the character to be displayed. U1 
parallel loads the proper binary information into U2 for 
the raster line to be presented. The U2 inputs that are 
tied low are used for blanking between characters. The 
raster-line data from U1 is parallel loaded into U2 when 
the shift/load input of U2 is low. This occurs when 
NDCLK is high and PDCLK1 is low (time between char- 
acters). 


Alphanumeric Output Multiplexer. U3 consists of four 
AND gates NORed together. With ail AND outputs low, 
the NOR output is high. This brightens the CRT at the 
corresponding point. When any AND gate in U3is high, 
pin 8 of U3 is low, blanking the corresponding point on 


the CRT. 


The top AND gate of U3 accepts the inputs for normal 
video. The next AND gate provides blanking when 
required by HHB (High Horizontal Blanking). The third 
AND gate accepts the inputs for inverse video. The bot- 
tom AND gate receives VF1 from the vertical format 
ROM. This gate controls raster line blanking. HALPH 
(High Alphanumeric) enables U3 during alphanumeric 
displays and forces the output of U3 high during timing 
diagram displays. 


RAM Output Latches. Latches U27 and U41 are D latches 
with three-state outputs. Since G1 and G2 are low, the 
latches are always enabled. The 8-bit data from RAM 
are latched on every positive clock. Normally the latch 
outputs are in the high-impedance state. To place the 
latched information on the data bus, the microprocessor 
sets HREAD (High Read) high and LRAMA (Low RAM 
Address) low. This forces output control pins 1 and 2 
both low on U27 and U41. 


RAM Write Logic. When LRAMA is low, HWR (High 
Write) is high, and HRAMW (High RAM Write) is high, 
U47C enables the RAM WRITE terminals. This enters 
the data from the data businto the RAM at the locations 
addressed by U15 through U17. 
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Figure 8-59. Block Diagram, Display Section for Schematic 10B 
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SIGNATURE ANALYSIS FOR SCHEMATIC 10B. 


The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 


1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A6, 
and install A6 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if Ad is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


START simi tou erat suis dogcude me whee Ale 
STOP A Geeta, dactcesere te hae a ay 
GCIOC Re ctivsiccaes och te lsivest cies tat “1 


VH A6U1-24 
A6U27-3 
A6U 27-4 


A6U41-3 
A6U41-4 
A6U41-5 | 


CQ 
[o> 
cl 
(ow) 


| A6U27-5 A6U41-6 
A6U27-6 A6U42-11 
A6U 28-11 A6U43-11 
A6U29-11 A6U44-11 


A6U30-11 
A6U31-11 


A6U45-11 


Service 


DSA SETUP C. 


1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A6, 
and instal! A6 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to ASTP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5STP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


START jootesacli Nadia esha iueets at 
CTO Bi Be elet ae nite a ahd ct eit OM kee of 
COG ih eS ae Bd af a 


Signatures for DSA Setup C (Schematic 10B) 


VH A6U1-24 0001 

A6U15-10 UUUU 

A6U15-13 5555 

A6U16-3 CCCC 

A6U166 TF TF 

A6U16-10 5H21 

A6U16-13 OAFA 

A6U17-3 UPFH 

A6U176 52F8 

A6U17-10 HC89 

A6U17-13 2H70 

A6U27-1 2AU9 

A6U27-1 1920* 

A6U27-1 P4gA** 

AG6U27-2 0000 (blinking) 
| A6UA1-1 2AU9 

A6U41-1 1920* 

A6U41-1 P43 A** 

A6U41-2 0000 (blinking) | 
A6U47-11 | = gAUB | 
| A6U47-11 | 1921* | 


A6U47-11 P43C* 
A6U49-10 0000 (blinking) 
A6U49-11 0001 (blinking) 


*When A5 is 01615-66505 and HP-IB option not installed. 
**When Abd is 01615-66505 and HP-IB option is installed. 
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1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A6, 
and install A6 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 


b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit Al5. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


POWER 
ON 
RESET 


8080 UP 


20- 
MHZ 
osc 


CONTROL LINES 


Model loloA 


4. Reinstall A5 in 1615A mainframe. 
NOTE 


DSA jumper on A5 remains in NM (normal) 
position in this test setup. 


5. Set up signature analyzer as follows: 


DEAN tyes adaesgein, peeve eee ed J 
STOP 4 haces sia vest Re pus even emersnketee ee as J 
CLOCK teeesestens test dss seateas agate A 


Signatures for DSA Setup D (Schematic 10B) 


VH A6U1-24 0001 
A6U47-10 0001 (blinking) 
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Figure 8-60. Block Diagram, Control Section for Schematic 10B 
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Figure 8-61. 


Microprocessor RAM and Alphanumeric Generator (P/O A6) Schematic 
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Figure 8-62. Block Diagram, Display Section for Schematic 10C 
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SERVICE SHEET 10C 
PRINCIPLES OF OPERATION 


Data Multiplexer. Multiplexer U20 receives the data from 
the 8-bit data memory on A3. U21 receives the eight 
lines of glitch information from the glitch memory. U20 
is always active because its strobe (pin 7) is low. U21 is 
active only when LGL (Low Glitch) is low, glitch 
presentations are selected for the timing diagram. 


The timing diagram is normally presented with 
channel 0 in the first CRT location. The other channels 
are presented in sequence, with channel 7 in the last 
CRT location. The sequence of presentation is 
controlled by U19 and U33. It can be rearranged by the 
1615A operator through menu selection. For example, 
the operator may elect to display channel 4 in the first 
location, channel 6in the second location, and blank the 
third location. These menu selections are entered into 
memory and loaded into U19 and U33 by the micro- 
processor. 


Before each run, RAM U19 is loaded with the numbered 
channel to be presented at each of the eight timing 
diagram locations. VF3 through VF5 from the vertical 
format ROM indicate the timing diagram location 
being addressed on the CRT. RAM U19 obtains the 
present iocation from U33 and selects the channei 
number to be presented according to the program from 
the microprocessor. The first three bits from U19 select 
one of the eight data and glitch channels in U20 and 
U21. The fourth bit from U19 blanks the timing 
diagram in channels that were turned off. An X is 
displayed in the channel number column beside each 
blanked timing diagram location. 


HSTD (High Start Timing Diagram) controls selection 
in U33. When HSTD is low, data bus inputs address 
locations in RAM U19 that contain the channel 
numbers. When HSTD is high, VF3 through VF5 select 
a data and glitch channel for the timing diagram. 


Data and Glitch Latches. The information from the data 
and glitch channel selected in U20 and U21 is latched 
into U8B and U32A by the PDCLK (Positive D Clock). 
The outputs from U8B and U32A are applied to display 
ROM U34 where they are interpreted as instantaneous 
data and glitch. U8A and U32B latch this information 
on the next PDCLK. They supply their outputs to U34 
where they are interpreted as the previous two bits. 


Display ROM. The display ROM uses the present data 
and last data information to detect changes in levels 
(transitions). Vertical format bits VF6 through VF8 are 
decoded in U34 to identify each raster line in the timing 
diagram location being displayed. ROM U34 uses the 
above information to format the timing diagram. All 
points where the data are high have brightened dots on 
the top raster line. All points where the data are low 


Service 


have brightened dots on the bottom raster line. All 
points which include transitions (changes from low to 
high or high to low) have brightened dots on each raster 
line. The last two raster lines in each timing diagram 
location are reserved for blanking between channels. 


Any time that U47B receives a low input, it deselects 
display ROM U34. The low input may come from 
several sources, depending upon the mode of operation. 
During alphanumeric displays, LALPH (Low Alpha- 
numeric Display) is low. The fourth bit from U19 is 
supplied to U47B to blank particular timing diagram 
locations. HSTD is low when the channel number is 
being written. This clears U46B which places a low on 
U47B. 


Outputs D1 (data) and D2 (glitch) from ROM U34 carry 
the information for the unexpanded (X1) display mode. 
D3 and D4 are the outputs for the expanded (X10) 
display mode. U48B gates the data information and 
U48A gates the glitch information from U34. Only one 
AND gate in U48A and U48B is enabled at one time. © 
HX1 (High X1) and LX1 (Low X1) from the micro- 
processor make the selection according to display 
magnification selections made by the 1615A operator. 
When alphanumeric displays are being generated, 
U48B is disabled by a low LALPH. In this case, U48B 
provides a high output, enabling U7C to be coniroiled 
by HALPHVIDEO (High Alphanumeric Video) from 


_ the alphanumeric generator. 


Output Gating. U18A, U18B, and U18C control display 
brightness for each data and glitch bit and graticule 
line presented on the CRT. The three U18 gates are 
open-collector AND gates. When any U18 gate receives 
a low input, it draws current across its associated 
resistor, lowering the voltage in the video output. This 
brightens the corresponding point on the CRT. The 
different resistor values in the gates of U18 are chosen 
to provide different levels of brightness for data bits, 
graticule line bits, and glitch bits. 


U18B gates alphanumeric and timing-diagram data. It 
also gates the information for the trigger line tics when 
HTLIN (High Trigger Line) goes high during a timing 
diagram. 


U18C gates the graticule lines on timing diagrams. 
U49C blanks graticule dots that occur within the time 
segment where a data dot is presented. This prevents 
excessive brightening of a single dot. 


U18A gates glitch information and the expand 
indicator. It prevents double brightening when a glitch 
occurs within the brightened expand indicator. U47A 
NORs the expand indicator with the data line to restrict 
the expand indicator to that part of the trace which also 
includes data. 
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SIGNATURE ANALYSIS FOR SCHEMATIC 10C. 


The signatures on this schematic are obtained by using 


DSA Setups A and D. The red letters on the schematic. 


DSA SETUP A. 


1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A6, 
and install A6 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re- 
move DSA jumper from NM (normal) terminals and 


reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 


e. Connect signature analyzer clock line to A5STP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


PAD tire. i gece ise e toned eevee te L 
STOP eco ti as teas than ehenain Saves eee Glass i 
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Signatures for DSA Setup A (Schematic 10C) 


VH A6U1-24 C690 VH A6U19-12; AHAS 
A6U19-4 FHPA A6U33-2 C43H 
A6U19-6 57CA A6U33-5 C6P3 

A6U33-11| FA2P 


A6U19-10| O8F5 
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- Model 1615A 


The HVSY (High Vertical Syne) pulse i 


e is generated 
assembly A6. It is supplied to display driver A13 where 
it initiates vertical sweep. 


signify the DSA setup to use when observing the signa- 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP D. 


1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A6, 
and install A6 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 


a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 


c. Connect signature analyzer stop line to same 
point as start line, step b above. 


d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


4. Reinstall A5 in 1615A mainframe. 
NOTE 


DSA jumper on A5 remains in NM (normal) 
position in this test setup. 


5. Set up signature analyzer as follows: 
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Signatures for DSA Setup D (Schematic 10C) 


Signature 


VH A6U1-24 0001 


| A6U7-1 | 755P | 
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